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CHAPTER j. 

GENEEAL PRINCIPLES. 

S 1- The preparation of ores for the smelter by mechanical means, whereby 
the valuable tniiipials are concentrated into smaller bulk and weight by the separa¬ 
tion of som(> of the waste, or whereby two valuable minerals are separated from 
each otlier, is called Ore Dressing (Aufbereitung, Ger.; Preparation Mechanique, 
fr.). Several other names are also in common use in the English language, 
namely, concentration of ores," “washing of ores,” and “reduction of ores.’* 
J he latter phrase is not to be commended, as it really belongs to metallurgy, 
and its use in ore dressing produces a contusion of ideas. 

The advantages gained by concentrating the valuable minerals into a smaller 
bulk are: first, that the cheaper mechanical method of rejecting the waste material 
IS substituted for the more expensive chemical method of the smelting furnace: 
and secondly, the rejected waste material is not shipped, and this saves freight! 

non-mclalliferous ores, such as graphite, emery and precious 
stones, the mechanical method is tne only one available. 

The ful.antage gained by separating two valuable minerals from each other 
lies in the fact that the mineral of less prominence is advanced from being of no 
value or even a positive deiriment, to being a standard ore, salable to smelting 
works; while the mineral of more prominence has advanced in selling value from 
consequence grade of ore to being a better one, and commands a higher price in 

To illustrate the advantage of smelting a concentrated ore over direct smelting 
let us assunie an ore containing 8% of lead; cost of mining, $2 per ton - con- 
centrating $0.60 per ton; smelting, $9 per ton for mine ore anHs per ton 
some cases concentrates are smelted without charge, par¬ 
ticularly where they contain much iron) ; freight charges, $1..>50 per ton- 100 
tons of ore concentrated into 10 tons, loss of metal 15% in concentrating ’l0% 

m smelting mine ore and 8% in smelting concentrates. Then the account for 
treatment by direct smelting will stand; account lor 

Or. Mining 100 tons ore at $2.00 per ton. •ono nn 

'' $1-50 per ton. " ' i r,n'nA 

Smelting 100 tons ore at $9.00 per ton..'.’!.’.*!!!!!! 900 M 

$1,260.00 

Dr. Return from 14,400 pounds lead at 3} cents per pound..""$5 oZm 

Balance ofloss. 
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The account for treatment by concentrating and smelting will stand; 


Cr. Mining 100 tons ore at f 8.00 per ton. $800.00 

Concentrating 100 tons ore at $0.60 per ton. 60.00 

Freight on 10 tons concentrates at $1.50 per ton. 15.00 

Smelting 10 tons concentrates at $6.00 per ton. 80.00 

$35 5.00 

Dr. Return from 18,518 pounds lead at 3} cents per pound. 437.98 ' 

Balance of profit. $82.98 


If there was no freight to bo paid in either case, there would still be a loss 
of $596 on 100 tons of ore by direct smelting, while the combined processes would 
yield a profit of $97.98. 

§ 3. Ore dressing makes use of the physical properties of minerals and rocks; 
and the differenc;e in behavior between the valuable and waste minerals affords 
methods for the separation of the fonner from the latter. Physical properties 
of interest in ore dressing are: 

Hardness. 

Tenacity and brittlejiess. 

Structure and fraefcib. 

Aggregation. 

Color and luster. 

Specific gravity and settling power. 

Adhesion. 

Greasincss. 

Magnetism. 

Change in condition by heat from non-magnetic to magnetic. 

Change in mechanical condition by heat from dense to porous. 

Decrepitation by heat. 

Some facts about these physical characters are given in the following pages. 
The properties that have most effect upon crushing will be taken up first. 

Hardness.— Minerals differ greatly in their hardness, ranging from the hard¬ 
ness of the diamond to the softness of talc, their ability to scratch one another 
being considered the measure of hardness. The table of hardness adopted by 
Dana in his “Mineralogy” is as follows: 

10 Diamond 8 Topaz 6 Feldspar 4 Fluorite 2 Gypsum 

9 Sapphire 7 Quartz 5 Apatite ' 3 Calcite 1 Talc 

.*■ 

Each mineral in the list can scratch all those below it. Hardness affects the 
wear of crushing machines—the harder the mineral the greater the wear. It 
does not necessarily affect the tendency of the mineral to produce fine slimes in 
crushing. • 

■Tenacity and Brittleness. —Some minerals, such as horn silver, native 
copper, mica, talc and gypsum, are very tough, though thCT may at the same 
time be soft, and this makes them difficult to break. Some forms of hornbiende 
and feldspar exhibit extraordinary toughness, although, they are not very hard; 
other minerals are brittle and break up with comparative ease, as, for example, 
some varieties of quartz. A hard, .brittle mineral will slime much more than 
one^Khich is soft and tough. ' 









QmUBAL PSmaiPLBS. 


§ 


$ 


Sthuctuhb and Fkaotube. —The structure of a mineral tends to modify the 
shape of the particles resulting from crushing. Cleavable minerals paay break 
into cubical blocks, as galena; into elongated fragments, as galena, feldspar, 
calcite and sphalerite; into needlc-like or thread-like shapes, as asbestos; or into 
flat scales, as galena, mica, graphite and talc. Granular minerals will drop 
naturally into separate rounded grains when broken up, as magnetite, garnet and 
some varieties of galena. Minerals with massive structure, free from any special 
tendency to break in one more than in another direction, may have earthy frac¬ 
ture, as hematite; or conehoidal (oyster shell-like), as pyritc crystal, quartz 
crystal and obsidian. 'I’he shapes of these grains have an important bearing 
upon their power to settle in water or in air. 

MiNliliAi, Aijoueuation. —The valuable minerals may occur in pure masses, 
as in the bunded vein stnictixre and in jxockets or vugs. They may also be in 
large crystals mi-ved with the waste mimjrals. Hoth these conditions are favor¬ 
able for complete sejxaration. On the other hand they may occur much inter¬ 
mingled with Ihe vaste minerals: either in granular structure, that is to say, 
roiuided grains or small, compact crystals; or of an acieulur structure, in long 
needlc-like crystals, the valuable and waste minerals penetrating each other in 
all directions, to the eye a hopeless tangle; or, iinally, of laminated structure, in 
thin layers alternately of good and woi'thless mineral. All of the latter struc¬ 
tures add dillieully to the jxroblem of ore dressing. 

The physical properties that have mo.st to do with separation will be con¬ 
sidered ni‘\t. ^ 

Coi.ou AND Ta'sTCit.—These qualities are of the greah||kvalue in hand pick¬ 
ing. Slight ditferences in color or in luster—for instari^'the brass yellow of 
chaleo])yrile, the pale yellow of pyritc, the white of arsenopyrite, the vitreous 
luster of (piartz, the resinous of sphalerite, the adamantine of diamond and 
cernssite, Ihe dull of chalk and the pearly of talc—furnish valuable aids in 
hand pi( king. 

Sf'EOiPK! (iKAviTV.—The difTerence in specific gravity of minerals affords one 
of the sure t means of sp[)arating them from each other. Specific gravity may 
be defined as the x'atio of the weights of eipial volumes of substances. For 
convenienci", distilled water at (i0° F. is usually taken as the standard of compari¬ 
son. One cubic einitimeter of quartz weiglis S.653 grams, wliile one cubic centi- 
rneter of water weighs 1 gram. One volume of quartz, therefore, weighs 2.(153 
times as much as one volume of water at (10° F. In like manner one volume of 
copper is found to be 8.8 times as h(>avy as one volume of water. The specific 
gravity of quartz is, therefore, said to be 2.053, while that of copper is 8.8. 

We can go still further and compare the copper with the quartz, with the 
above figures as a basis, and divide 8.8 by 2.053, which gives 3.317, from which 
we conclude that one volume of eojiper is 3.317 times as heavy as one volume of 
quartz. 

Liquids also vary in specific gravity. Ocean water is denser than fresh water; 
Great Salt Lake vater is denser than ocean water. Unless some adverse condi¬ 
tion is introduced, the denser the water the better will it serve for the separation 
of minerals. , 

A table of specific gravities of minerals taken from Dana’s “System of 
Mineralogy,” 1892, is given in the appendix, comprising minerals which are 
more or less apt to be present in the ore dejiosits of this country. A few 
artificial products are also included for convenience. Against many of the 
minerals two figures are given—thus, the specific gravity of quartz is said to be 
from 2.653 to 2.660, which shows that its specific gravity is not absolutely con¬ 
stant, but varies from one figure to the other. 

As already stated, the differences in specific gravity of the minerals furnish 
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the most valuable means for their separation, and this property may be employed 
in two different ways, namely, as affecting settling power, or as affecting 
momentum. 

Settling Power of the Particles in Air, Water, or Other Media .—In general 
it may be said that of two particles of the same size and shape, the heavier will 
settle faster than the lighter, and of two partieles of different spcciiic gravities 
and the same settling velocity, that with the higher apeeille gravity will be of 
smaller diameter than the other. The ratio between these two diameters will 
have an approximately constant value under similar conditions, and these are 
called settling ratios. 

Momentum ,—When a particle is given a high velocity in a horizontal direc¬ 
tion, the path it follows is called its trajectory. Of two particles of the same 
size and shape, the heavier will have the longer traji'ctorj', and of two particles 
with different gravities hut the sanu' trajectory, that with the higher gravity 
will he of smaller diameter thiin the other. 

Adiiijsion has its place in jdate amalgamation. When clean particles of 
gold arc coated with mercury and brought into contact wdth an amalgamated 
copper plate, the gold adheres to tlu' plate, while the fpiartz particles with which 
the gold was associiit.ed do iiot adhere. The g<ild is thereby separated from the 
quartz. If the mercury is clean the capillarity is concave or positive, like that 
of water, and the gold adheres strongly; if the mercuiy is sick or foul, the 
capillarity is convex or negative, and tlie gold is lost. It is jmrely a matter of 
capillarity and. therefore, belongs among the physical properties of the minerahs. 

Diamonds adhere to a greasy surface, while quartz does not, effecting thereby 
an economical separation. 

Grkasinjsss.— This is the term used to express the tendency of minerals to 
float on the surface of water as if they were greasy. It is caused by the aver¬ 
sion of the surface of the particle to become wetted. The particle may carry 
an air bubble dowm with it, which later floats it to the surface, or its dry surface 
may prevent its sinking at all, the particle floating at the base of a little dimple 
or depression on the surface of the wat('r. 'J’his causes much trouble in ore 
dressing. All minerals exhibit the tendency, but with some species it is very 
marked; for instance, in native copper, native gold, cassiterite, sphalerite, 
graphite, and some of the silver minerals. This properly may he regarded 
rather ns a'difficulty to overcome than ns a help, for the reason that it cannot 
be depended Upon—at one moment a given grain w'ill float, at another it will 
sink. An approach toward a mseful effect may be gained by forcing large 
quantities of air in fine bubbles to the bottom of the sand in a water tank. The 
floating scum, w’hcn caught by gently dipping transverse gates, often gives a 
higher assay than any product in a mill. 

Magnetism. —The attraction to the magnet is quite strong in some minerals 
and metals, notably magnetite, some forms of pyrrhotito, cast iron, wrought 
iron, steel, nickel and cobalt. Other minerals, such as franklinite, chromite, 
serpentine, black blende, garnet, etc., have very weak magnetism. Still others, 
such as quartz, calcite, gypsum, feldspar, etc., exhibit no attraction at all. By 
using properly construqted magnets this property may be made of great value, 
not only separating the magnetic from the non-magnetic, but those that are 
more magnetic from thoso that are less so. 

Change of Magnetism by Heat. —Certain minerals, especially those of 
iron, .when heated, lose oxygen, carbonia acid or sulphur, and are changed 
from being non-magnetic or only slightly magnetic to strongly magnetic. The 
magnet may then be employed for separating them from non-magnetic minerals. 

Change op Poeosjty by Heat. —Certain minerals, for example, pyrite, if 
heated gradually sufficiently high and for a sufficient time, part with some 
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volatile ingredient, for example sulphur, and by becoming porous they change 
to a lower specific gravity, and can then be separated from minerals whose 
specific gravity was equal to theirs before the heating took place. 

Decrepitation.— Some minerals, when laid upon a hot plate, decrepitate or 
fly to pieces through the unequal expansion which overcomes the cohesion of the 
molecules. Oalcite, fluorite and barite are examples of this. A mineral which 
decrepitates may be separated from one which does not, by decrepitating and 
sifting; the latter mineral will be found on the sieve, while that which was 
finely decrepitated will have gone through. 

The Use op Supplementary Principles. —A process usually consists of 
two or more successive steps, in which the later is supplementary to the earlier. 
Thus, sorting in classifiers is followed by sizing on slime tables; and sizing by 
screens is followed by sorting on jigs. In each case the first step prepares the 
ore for the second, and the second supplmnents and completes the work which 
the first step was incapable of perfonning alone. Neither step is complete 
without the other. 

The use of graded crushing and graded separation to diminish the amount of 
slimes produced is quite frequently resorted to with brittle minerals. 

§3. Or(! dressing is divided into two parts, severing and separating: 

1. Severing or lJelachiiig.~’r]w valuable minerals as they occur in the rock, 
are attached to waste minerals, and to sever the one from the other, the various 
steps of breaking, crushing and comminuting are used. 

2. Separating .—After the crushing has severed the valuable minerals from 
the waste, the two are still mixed together; and the true separation, which puts 
the good ore into the store bin and sends the waste to the dump, must then take 
place 
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Oct. 4, 1905. 


B. ir. B. 



PREFACE. 


In the use and desifjn of machinery in all lines, America has, in the last few 
years, taken a leacliiig place ainoti<; the nations; that used in ore dressing is no 
exception to this rule. 'L'lie existing authorities on this subject treat jchiefly 
of Eurojiean practice, and since the time of their publication, new researches 
have been made. re\ising and throwing light upon the laws governing separation. 
On ail these accounts, therefore, the present soeins an opportune time for the 
apjii'arance of a w irk on ore dressing. 

'J’lie aim of the autlior has been to jiresent to the reader the modern American 
practice, referring for eoniparison to llie Kurojiean; and to so expound the princi¬ 
ples of the art. as al jireseni undersliKid, as to make advances easy in the future. 
In making the book he has had in mind the student, the teacher, the export, the 
mill man and tlie manufacturer. 

Tlie ground fevered hv the hook includes the mechanical ])reparation of useful 
minerals other than coal. The cleaning of coal calls for a disimet and specialized 
treatment reipiiring on the part of the author added travel, experiment, study and 
correspondence', so much so that, although the underlying principles of treating 
coal are largely the same as those of other minerals, the added time reipiirefl 
would have postponed the ajipearanee of the book much beyond the dale which 
to both author and publisher already seems extremely tardy, llydrauiicking, 
although a branch of mineral dressing, is omitted because it is well treated in the 
work by A. ,1. Kowie. (iohl milling has been less dwelt upon for two reasons: 
(1) the excellent works of Lock, Ijouis, Kiekard and Rose, taken together, have 
jilaced in the hands of the reader a very complete treatment of the subject; (2) 
an exhaustive tri'iitment of amalgamation appears to belong more to metallurgy 
than to "re dre.ssing. 

The dividing line between metallurgy and ore dressing is that between chem¬ 
ical and inc'chanical treatment, the smelter dealing with chemical reactions and 
the mill man only with physical plu'nomcna. There arc several reasons, how¬ 
ever, why it is difficult to exclude amalgamation from a book on ore dressing, 
although the formation of the amalgam alloys may be claimed by the metallurgist. 
First, the amalgamated plate and the treatment of amalgam arc the only sub¬ 
jects in the gold mill whose place in a book on ore dressing can be doubted, but 
it would not be wise to describe all the other parts of the gold mill and refer the 
reader to metallurgy for the plate amalgamation; second, the amalgamating pan 
is the only doubtful object in a “combination" silver mill. The argument for 
putting it in is the same as that in regard to the amalgamated plate above men¬ 
tioned. The Washoe process is but briefly referred to because it is generally 
classed as a metallurgical process. 

The sources from which the information has been derived are: personal visits 
to the mills, correspondence with the mill men and the manufacturers of mill 
machinery, the laboratory and the literature. The author wishes especially 
to express his gratitude to mill owners and managers and to the manufacturers 
of machinery for the warm interest they have taken in making contributions to 
the book. He would have made but a sorry showi,ig without their Jielp. The 
laboratory has been freely u,sed for testing and revising the laws of separation, 
and, thereby, two settling ratios are believed to have been established, namely 
the free settling and the hindered settling ratios; a third, the agitation ratio, 

V 



PBSFAOk 


vi 

hag also oeen iaveetigated to some extent; the laws of jigging have been revised; 
tiie behavior of slimes in spiWkasten and on the slime table have been studied. 
The literature from 1870 to date has been systematically reviewed. 

The arrangement of the book is based on the natural division of the subject 
into; (a) severing or breaking tlie ores; (6) separating the valuable minerals 
from the waste. Each of these great groups also subdivides itself into prelim¬ 
inary, final, and auxiliary treatment. For example, where Blake breaker and 
rolls are used, tlie former is the preliminary crusher and the latter the final; and 
where trommels and jigs are used, the former are the preliminary and the latter 
the final separators. The term, auxiliary, is added for the machines used to 
recrush and concentrate middlings. Since hand picking yields smelting ore for 
shipment, this scheme places it among the final separators—a later point than is 
usual with other authors. 

The student can intelligently study the theory of machines only after their 
constniction and operation are understood. Therefore, wherever possible, the 
discussion of theory is given later than the description. 

Criticism may be made upon tlie machines described in the chapter on fine 
grinders because so many of them are not used in ore dressing. The answer thi; 
author would give is that it is impossible to say at what moment any one of 
these machines may be needed in ore dressing, and that there is no book upon 
grinding to which the reader can bo referred. 

The efficiency of tlu; variops milling processes is very imperfectly indicated, 
for lack of reliable data the publication of v/hich is authorized. 

A system of numbering both mills and machines has been adopted for the 
convenience of the reader and the saving of space. For example, all jigs doing 
the same work in a mill arc given the same number. Where jig No. 3 in Mill 44 
is mentioned, this specifics to the reader all the jigs in that mill that are treat¬ 
ing Idle product from the first spigot of the hydraulic classifier, and the reader 
can always inform himself as to the identity of both the mill and the jig by 
reference to Chapter XX. The numbers given to machines are according to a 
uniform system, and vary in many cases from those actually used by the mills. 
“Mill 44, No. 8 jig, four of them,” means that there are four No. 3 jigs in 
parallel in the portion of the mill under consideration. In order that the reader 
may readily identify any mill referred to by number, a table has been placed 
just preceding Chapter I., which gives the name and location of each mill, together 
with the kind-of ore treated and the capacity. 

All dimensions of tanks, tubes, boxes or other hollow vessels are invariably in¬ 
side measures unless otherwise stated. All slopes are measured from the horizon¬ 
tal. A ton everywhere indicates the short ton—3,000 pounds. All meshes of 
sieves are meshes to the linear inch. The dimensions of machines are generally 
given in feet and inches because these are best understood by American mill men. 
The metric system has been adopted for the holes in screens because it is well 
.adapted to them, and mill men are already more or leas familiar with the use of 
millimeters for this purpose. The metric units have been used in the discussion 
of hydraulic classifiers because of the great ease and speed with which linekr 
measures can bo transformed into volumes and weights, a facility most needed 
in this line of investigation. Data for computing from one system to the other, 
tog^er with other useful information, are given in the appendix. 

, ^e name breaker has been adopted rather than crusher for the coarse crash¬ 
ers —ioT example, the Blake and Gates breakers—because the word crusher has 
« moje generic meaning, and it may also be used for the fine crushing macMnee. 

word classifier has been adopted for all the apparatus that separate grtam 
in hjdraulio ..current^ idthout recourse to oGier mechanism, although thive It- 
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an inheient difiScnlty in the use of this word. Bittinger, the great leader ipM 
expounder of ore dressing, adopted "classiren" to signify sizing by sieves, and 
“soriiren" to signify separation by hydraulic current, but in America we have 
adopted the uiSortunate combination of “sorting” to define the work of the 
“classifier”; that is to say, our name of the operation agrees with Bittinger while 
our name of the apparatus conflicts. The word classifier has been accepted in 
tills work because it is universally adopted in the mills of the United States 
with few exceptions, namely in those of tlie Lake Superior copper district, where 
the word “separator” is used. The adoption of Anglicised foreign words has 
been avoided in nearly all eases, but three exceptions are made: the words <ro«* 
mel, spilzkasten and spiizluiia have become so universally used in the United 
States, particularly in the West (and tlicy are found in French as well as in 
English books), that they are used in this work. 

Bibliography relating to t)ie subject of each chapter is given at the end of the 
chapter, the references being numbered consecutively. Wherever in the text it 
is desired to refer to the bibliography, a small elevated number is inserted, which 
corresponds to the proper number in the bibliography. The names of text-books 
and periodicals from which (juotations are made, arc given in alphabetical 
order at the beginning of the book, together with the abbreviations adopted. 

The preparation of such a book as this is a very diflerent problem from that 
of one on smelting. In the latter case the description of any one first class 
smelter would give lines approximately of all, from which others would differ 
somewhat according to the price and acidity of ores and the opinions of the man¬ 
agers. In the case of ore dressing, two mills of totally different construction 
may be treating the same minerals in different localities, but if either mill was 
substituted for the other it might make a complete failure. This is owing to 
the different raode.s of occurrence of the minerals, which require the mill to be 
especially adapted to the characters of the minerals in each case. For example, 
the mill used to separate galena, blende and gangue in Leadville, Colorado, 
would fail in .Toplin, Mis.souri, and that in Joplin would fail in Leadville, while 
each is well suited to its own district. 

Although eight years have elapsed since the author made his systematic visit 
to the mills, he has, a.s far as possible, kept in touch with practice by means of 
frequent correspondence. He has preferred to spend more time, and so make the 
book satisfactory, both to himself and to the reader, rather than to hurry matters 
and produce only an indifferent book. Ho has made every effort to have all data 
reliable, but knows that errors are likely to occur in collecting from so many 
sources; that in many of the mills there has been more or less change which he 
has not noted ; that some mills have been destroyed and rebuilt; others have been 
superseded by the building of a new mill. Nevertheless, he believes that ttie 
conclusions drawn are reliable. 

The appearance of the Wilfley table, while a most fortunate event for the 
cause of ore dressing, has been most unfortunate for the preparation of this 
book. It could not have happened at a more inopportune moment, for in the 
summer of 18S5 the author visited nearly 100 mills, obtaining careful data from 
them; m returning home the data were written out in systematic form, mailed 
to the mill managers for their criticism and correction, and, when it had all been 
returned and placed on file for the preparation of the book, the first Wilfley table 
appeared. From that day to this it has been finding its way into the ihills of 
iimost all descriptions. Where it has been possib’a the author has put in the 
mill changes and has so indicated in the tejct. The appearance of Qie WUfley 
table is an event of such importance that the book should either have been put on 
the market in 1896, before the first Wilfley table appeared, or have waited 
until 1906, when the adaptation of the mills to the newcomer would be complete. 
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The art of ore dressing is constantly developing, and there are many questions 
that require investigation. In order that future publication may present the 
best inl'onnalion, the author will be glad to receive criticisms of the present 
volume and suggestions for future pul)lication. For example, mill data along 
almost any line will be welcomed, but particularly in the direction of efficiency of 
crushing and of concentration; adjustments to meet special conditions; the 
elements of wear, life and attendance;, which conlrihule so largely to estimates 
of cost. 

The author wishes again to refer to the help he has received. He is indebted 
to the owners and managers of the more than ninety mills which are referred 
to in the text, first, for the permission to examine and take notes upon their mills, 
and later for the careful revision of his mill notes by them; he is also indebted 
to the manufacturers of mining machinery of the United States who have fur¬ 
nished him with the latest practical information upon milling machinery. They 
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ton, Pennsylvania. 

Coll. (htardj=j:he Colliery Guardian and Journal of the Coal and Iron Trades. Weekly. 
London. 

Col. 8oi, Soo.=:^olorado Scientific Society. Irregularly. Denver. Colorado. 

Comptes-Rendus Soc. Ind. Vt».=r0ompte8-Rendu8 Menauels dcs R^^unions Socidtfi de 
Plndustrie Minerale. Monthly. St. Etienne, France. 

Deut. Topf. u. Ziegl. Zeif.=Dcut8che Tttpfer und Ziegler-Zeitung. Semi-weekly. Halle- 
an-der-Saale, Germany. Knapp. 
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Dmgler’s Polyt, Jottr.:=Dingler’B Polytechniechea Journal. Semi-monthly. Stuttgart, 
Germany. 

Sleelrieal iJcoj=:Elpctrical Review. Weekly. London, 

/f»yt««eri»j=Engineering. Weekly. London. 

Eng. Mag,—[he Engineering Magazine. Monthly. New York. 

Eng. lVcic«=Engineering News and American Railway Journal. Weekly. New York. 
Eng. <£ Min. >/o«r.=Eiiginecring and Mining Journal. Weekly. New York. 

Fed. Inat. Min. A’ni 7 .='frnnHactiona of the Federated Institution of Mining Engineers. 
Irregularly. NewcaHtIc-upon-Tyne, England. 

Franklin /«»f.=:The Journal of the Fraiiklin Institute. Monthly. Philadelphia. T. 
Rand. 

Freibergcr ./aftr6.=Jahrl)uch fllr das Rerg- iind lllittenwesen im Kiinigreichc Sachsen. 

Annually. Freiherg, Saxony. Oraz & Gerlach (.loh. Stettner). 

Freibcrga Berg. u. Itiittrnweacn. This is not a periodical. See Neubert, E. W., in 
preceding list of books. 

Oenie Civil=:Le Genie Civil et la Soeietf' dos Ingenieurs Civils de France. Weekly, 
Paris. 

Ben. Min. Aaaoc. Ouebec==,ToiiTna,l of the General Mining Association of the Province of 
Quebec. Irregularly. Ottawa, Canada. 

Indualrinl /fcv.=lndustrial Review. London 

Inat. Civ. Eaf/.=lnstitHtion of Civil Engineers. Irregularly. Txnidon. Weale. 

Inat. Meoh. A'«</.=lnstitution of Mechanical Engineers. Qiiarti'rly. ]»ndon. 

Inat. Mm. f{nff.=lnstitutiou of Mining Engineers. Monthly. Newcastle-upon-Tyne, 
England. 

Inld. Min. d Ifct.=lnstitution of Mining and Metallurgy. Annually. London. 
froM=lron. Weekly. London. From .Inly. 1803, united with “Industries and Iron.” 
fron Aye=lron Age. Weekly. New York. David Williams Company. 

Iron <f Coal Tradia Era.—iron and Coal Trades Review. Weekly. London. 

Iron it Steel /nst.=Journal of the Iron and Steel Institute. Semi-annually. London 
and New York. E. & F. N. Spoil. 

Jahrb. Oeol. ffoM)/iso»«falt=Kaisorlich-Kocniglichc Geologisclie Rcichsanstalt, Jahrbiich. 
Annually. Vienna. 

Judgea Rep. on Centennial Expoaition—Vailed States Cenlennial Commission. Inter¬ 
national Exhibition, 1870. Reports and Awards. Nine volumes. Washington. 
Kamtener Zeil.— 

h. Superior Mm. /»,sf.=Proceedinga of the Lake Superior Mining Institute. Annually. 
By the Secretary. 

MoClure’a J/og.=MeClure'a Magazine. Monthiv. New Y'ork. 

Mech. Jfo,o.=Meehanios Magazine and Journal of Science, Arts and Manufacturers. 
Weekly. London. 

Memoira Rat. Acad. 8cfc»M!c<r=Memoirs of the National Academy of Sciences. Irregu¬ 
larly. Washington. 

Min. Asa. it Inat. C'or»teo/l=Mining Association and Institute of Cornwall. Irregu¬ 
larly. Camborne, Cornwall. 

Min. Bull.—Mining Bulletin. Bi-monthly. Pennsylvania State College. 

Mines d Minerals=M.ine& and Minerals. Monthly. Scranton, Pennsylvania. Sec Col¬ 
liery Engineer. 

Min. An(l.t=The Mineral Industry. Annually. New York. Engineering & Mining Jour¬ 
nal Company. 

Min. Ind. <6 Revicw= 

Min, Jour.=Mining .Journal. Weekly. Ixindon. 

.Min. Res. of V. 8.=Mineral Resources of the United States. Annually. Washington. 
United States Geological Survey. 

Min. Soc. R. Seo(io=JournBl of the Mining Society of Nova Scotia. Annually. Hali¬ 
fax, Nova Scotia. 

Min. d Sot. Prc«»=Mining and Scientific Press. Weekly. San Francisco, California. J. 
F. Halloran. 

Mittheil. kglch. tech. Versuchanatalten flfTiin=Mittheililngen aus dem kdniglichen 
technischen Hochsehule zu Berlin. Annually. Berlin. Technischen Hochschule. 
Springer. 

Mittheil. mech.-teelh. Lah. tech. Hochschule if«Bchen=Mittheilungen ana dem mechan- 
iseh-technischen Ijaboratorium der kIVniglichen technischen Hochschule Mflneheo. 
Annually. Munich Technisehe Hochschule. Aekermann, 

R, Carolina Beol. Survey B«W.=North Carolina Geological Survey Bulletin. IrrMoilarly. 
State Pub'ieation. 

R, E. Coast Inst. Eng. d Sktphuiliferr=:Northeaat Coast Institution of Engineers tloA 
Ship-buiijers. Annually. Ncwcastle-npon-Tyne, England. 

ReiP Inland Inat. Min. Kng.z:^ey/ Zealand Institute of Mining Engineers. 
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Vorik Eng, Inat. Min. d Mech. £(nfif.=North of Englftnd Institute of Mining and Me¬ 
chanical Engineers. Annually. Newcastle-upon-Tyne, England. 

Oeat. f!cit.=0csterrcichi8che Zeitschrift fUr Berg- und HUttenwesen. Weekly. Vieniw. 
G. J. Manz'schcn. 

Ontario 7i(;p.=:Report of the Bureau of Mines. Ontario. Annually. Toronto, Canada. 
Pract. Mcch. Jouru=The Bractical Mechanic’s Journal. Record of the Great Exhibition. 
1862. London. 

Prod. Gold <£ Silver in V. R.=Rcport on the Production of the Precious Metals in the 
United States. Annually. Washington. Director of the Mint. 

Raymond's /fcp.=Commi8sioner of Mining Statistics, Annual Report.* Annually. Wash- 
ington. 

Hep. Min, Insp, of N. y.=Report of the Mining Inspector of New York. 

Heo. des Mmcs=:^Mevuc Ueiversello des Mines, dc la M^^tallurgic. dea Travaux Publics, 
dos Sciences et des Arts Appliques a J’lnduatric. Monthly. Paris. C. Borrani 
Rev. /ndualriellerziiovue Induatrielle. Weekly. Paris, 

Hoyal Inst. Great Bn<atn=:Procecding8 of the Royal Institution of Great Britain. 
Annually. London. 

S. Afru). Assoc. Eng. <£ Archi«ccfs=ProceedingB of the South African Association of 
Engineers and Architects. Annually. Johannesburg. 

S. Afr. Min. Juur.=Soutli African Mining Journal and Financial News. Weekly. Johan- 
nesburg, J. 8tunrt. 

8ch. Mines Quar<.=School of Mines Quarterly. Quarterly. New York. Columbia Col- 
lege. 

Sni. -t»i<Tican=Scientific American. Weekly. Mew York. Munn. 

Set. Amrrican Stt/i.=Scicntitic Aineriean Siippienieiit. Weekly. New York. Munn. 
Second (Icol. Survey P(t.=Second Geological Survey of Pennsylvania. Irregularly. 
Harrisburg, Pennsylvania. a i 

^"«<*o«=I‘'urnal of the Society of Arts. Weekly. London. George Bell 


Soc. Chem. Ind ./o«r.=Journal of the Society of Chemical Industry. Semi-monthly. 

I»nd<>n. Watson Smith. •' 

Stahl u. A't.>!f;jK=Stahl und Risen. Monthly. Diisseldorf, Germany. A Bagel 
Tech. Sdc. Pav. C'oa«<=a’ransnctions (and Proceedings) of the Technical Society of the 
n. i"‘’R*‘l<«’ly; after Vol. X., annually. San Francisco, California. 

Tenth U. A fens«s=Tentli Census of the United States (1880). Washington. United 
States Government. 


Tests ot Watertown Arsenal—Report of the Tests of Metals end other Materials for 
industrial Purposes made with the United States Testing Machine at Watertown 
Ai' mal, Aiassaclmsetts. Annually. Washington. United States Government. 

The Engin(:rr='l\ie Engineer. Weekly. London. 

Thon-lnd. Zfiif.=Thonindustrie Zeitung. Weekly. Berlin. Cramer. 

U. S. dcol. Survey Bitll.=United States Geological Survey Bulletin. Irregularly. Wash- 


17. S. 0ml. Survey, Min. BeAources=Vmted States Geological Survey, Mineral Resources 
of the Unitfd States. Annually. Washington. 

Vcr. Bef. Gcwerbe/ImscszriVerhandlungen des Vereins zur Beforderung des Gewerbe- 
ncisses. Annually. Berlin. S. Simion. 

Zeit. angewnndte C'Amie=Zeitschrift fUr angewandte, Chemie. Semi-monthly. Berlin. 
F. Fisonor. 


Zeit. Berg- ffiitt- u. 8aUncn-we8en.=Zc}ischnfi fflr das Berg- Hfltten- und Salinen-wesen 
im Preussichon Staatc. Bi-monthly. Berlin. William Ernst u. Sohn. 

Zeit. Elefcfrocfcemtc=Zeit8chrift fUr Elektrochemie. Weekly. Ualle-an-der-Saale Ger¬ 
many. Wilhelm Knapp. ’ 

Zett. Oest. Ing. Pcr.i=ZeitBchrift des Ocstcrreichiscben Ingenieur und Architekten Ver- 
emes. Weekly. Vienna. 

Zeit. Yer. Veut. /«g.=Zeit8chrift des Vereines Deutscher Ingenieure. Weekly. Berlin. 
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KEY TO MILL NUMBERS 
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Mill 

No. 

Name. 

Location. 

1 

Geiiesee-Vanderbilt 
Mining Company. 

Guston. 

Colorado. 

3 

Granby Hand Jig. 

Granby, 

Mis.«oun. 

3 

Hell upon Earth. 

Joplin. 

Missouri. 

4 

H«*nmnger’s 

Limonitc Wa*>her 

Trcxier Tow n, 
Pcnnsvb’ama 

5 

Limonite Washer. 

Longdale, 

Virginia. 

b. 

Peace River 

Phosphate Company 

Hull, 

Florida. 

7. 

i,.and Pebble Phos¬ 
phate Coinjiany. 

Pebble, 

Florida. 

«. 

Dunnellon Phosphate 
Company. 

Dunellon, 

Flonda 

0 

Henry Faust. 

Galena, Kansas. 

TO. 

i KnowMimtig 
('ompany. 

Joplin, 

Missouri. 

. Vj 

Aim.'* Emnumj 

Sludge Mill, 

"/alena, 

Kansas. 

•J 

1 

Fricdensville 

Zinc Company. 

Rnedcnsvillc, 

Pennsylvania. 


Economic Minerals. 


Capacity 
per 24 
Hours. Tons. 


Gold and silver bearing py Quartz, porphy- 
nlc, galena, blende and a ry. bante and 
little polybasite. clay 

Blende, calamine and galena Quartz, flint, 
in coarse crystallization. calcite and dol¬ 

omite. 

Blende and galena in coarse Limestone 
t rvstallization. land flint. 


Phosphate. 

Phospliate. 

Phosphate. 

-2 — 

Blende and galena. 

Unfinished blende ore. 
Blende. 


aith sandstone 
and pebbles. 


Hard blue elay. 

Sand, clay, etc. 400 (c) 

(rf) 60 -TOO 


Flint and 
hnicstfmc. 


Flint and 
limestone. 


Eustis Mitiitig I 

(Company. ( 

14- Nichols Chemical ( 

[Company. ( 

15- 'Kohinoor Mill, Empire 1 

Zinc Company. f 

16. Granbv Mining ai d C 

and Smelling Company. D 

17 . 


Eustis, P. Q., 
Canada. 


Capelton, P. Q., 
Canada. 


Granby, 

Missouri. 


i8.| Minnie and A. Y. 
Mill. 


I p. Moyer Mill, 


»o. Old Jordan and 
Galena Mining 
Company. 


si.j Silver Age Mill. 


I^eadvillc, 

Colorado. 


I Lcadvillc, 
Colorado 


Bingham, 

Utah. 


Idaho Springs, 
Colorado. 


Blende. Limestone, 

ouartz 

Pyritc, chalcppynte, arseno- Quartz and 

pynte, cnargite mica schist. 

Pynlc, rhalcopynte, ami Quartz and 

arsenopyn'te. mica schist. 


Blende, calamine, smithson- Flint and 
ite. galena, cemisitc, pyro- quartz; some 
morphitc and other oxida- dolomite and 
♦ion I'roducts. calcite. 

Argentiferous galena, Quartz, 

pynte, blende. 

Argentiferous galena, 
pyritc, blende. 

fClassI.i pyritc. y 

<1 Class II.: pyrite, galena, [ 

(and blende. ) 


60 -TOO (c) 
TOO-ISO (c) 

~6o(c) “ 

T20-1J5 (C) 


Quartz, and 1175 
decomposed 


decomposed 
! porphyry. 


Pyrite, galena, gray copper, Quartz and 
chalcopyrite and * lende; feldspar, 
carrying gold and silver. 
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Mill 

No. 

Name. 

Location. 

Economic Minerals. 

Ganguc. 

Capacity 
per 34 
Hours. Tons. 

33. 

Flat River Lead 
Company. 

Flat River, 
Missouri. 

Galena, a little pyntc. 

Dolomite. 

lOO 

*4 

Mine la Motte. 

Mine la Motte, 
Missouri. 

Galena, a little pyritc. 

Limestone with 
silica. 

lOO (0 

35. 

St. Joseph Lead 
Company. 

Bonne Terre, 
Missouri. 

Galena, a little pyrite. 

Dolomite. 

yoo ■ 

46. 

Bullion Berk and 
Champion Mining 
Company. 

Eureka, Utah. 

Galena, cerrusitc, inaku lute 
azurite, silver (as sulphide 
chlondc, arsenite and grsc- 
niate). gold, arsenite anc 
arseniate of copper. 

yuurtz. 

hmestone. 

200 

37 

Roventie Tunnel 

Mines Company. 

Mt. SnefHi's, 
Ouray, 

Colorado. 

Argentiferous galena, letra- 
hedrite, pynte* blemle 

chalcopyrite. 

Quartz and 
pfirphyry. 

130 

38 

Smuggler Mining 
Company. 

Asjwn, Colorado. 

Native silver, argontiferoius 
galena, pvnte, argentiferous 
barite, blende and smith' 
sonite. 

Blue limestone 
and ejuurtz. 

loo (c) 

30 

Utcand Ulay Mill. 

Lake Cit y, 
Colorado. 

Pyrite, blemle. (halcopvrite, 
Ictrahetlntc, and anjcntif- 
crous galena. 

Quartz. 

350 

30 

Bunktf Hill and Sulli¬ 
van Mining and Con¬ 
centrating Company. 

Kellogg, Idaho. 

Argentiferous galena, jiynto 

Qiiarlzitc and 
sidcrHe. 

530 

31. 

Gem Mill of the Mil 
waukec Mining Compa¬ 
ny. 

Gem, Idaho. 

Argentiferous galena and 
blende. 

Quartz. 

iOO 

33 

Helena and Frisco 
Mining Company. 

Gem, Idaho. 

[T. Cerrusitc anfl pyromor- 
phite. 

11. Argentiferousgalena, 

) pyntc, chalcopyrite and 
(.blende. 

I. Quartz and I 
iron oxide. I 

II. Quartz. > 

Coo 

33 

Lost Chance Mill. 

Wardner, Idaho. 

Argentiferous g<a]ena. 

Quartz. 

75 

34- 

Morning Mining 
Company. 

MuIIan, Idaho. 

Argentiferous galena, pyritc 
and blende. 

Sidcrite. with 
somc<m**rlz. 

JOO 

35- 

Union Mill of the 
Standard Mining 
Company. 

Wallace, Idaho. 

Argentiferous galena, pyritc 

and blende. 

Slate and 
quartz. 

250-300 

36. 

Stem Winder Mill. 

Kellogg, Idalio. 

Argentiferous galena. 

Quartz. 

75 

37. 

Buffalo Hump Mining 

Company. Tiger and 
Poorman Branch. 

Burke, Idaho. 

Argentiferous galena and 
blende. 

Quartz. 

550 

J8. 


Great Palls, 
Montana. 

Chalcopyrite, pyrite, cnar- 
gitc, and bornite. 

Quartz and 
decomposed 
feldspar. 

U) 

30- 

Butte and Boston 
Mining Company. 

Butte, Montana. 

Bomite, chalcopyrite, enar- 
gite, pvrite. blende with 
some silver minerals. 

Quartz and 
decomposed 
feldspar. 

500 

40. 

Colorado Smelting and 
Mining Company. 

Butte, Montana. 

Pyrite. blende, bomite, enar- 
gite, chalcopyrite. ch^ccuite, 
tetr^edrite and tennantite. 

Quartz, decom- 
I>osed granite, 
and barite. 

(*) 

4t. 

Parrot Silver and Cop¬ 

per Mining Company. 

Butte, Montana. 

Chalcocite, bomite, chalco¬ 
pyrite. enargite and blende. 

Quartz and de¬ 
composed feld¬ 
spar. 

300-350 

43. 

Mm 

Carroll. 

Montana. 

Chalcocite, chalcopyrite, 
pyrite, cnaigite, blende. 

Quartz and de¬ 
composed feld¬ 
spar. 

3500-3700 






' 
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Min 

No. 

Name. 

Location. 

Economic Mlneralf. 

Gftogue, 

CapSMaty 
per y, 

Hours. Tons. 

4 J 

. Butte Reduction 
Workp. 

Butte. 

Montana. 

Chalcoc'itc, bomite, ^alcopy 
rite, pyrite, blende. 

Quartz and 
(Iccompoeed 
feldspar. 

150 

44 

Calumet and Hccla 
Mining Company. 

Calumet, 

Michigan. 

Native copper, 
native silver. 

Rhyolite con 
glomerate 
with calcite. 
cpidotc and 
martitc. 

,640 («) 

45 

Franklin Mining 
Company. 

Hancock, 

Michigan. 

Native copper, 
native silver. 

Soft 

amygdaloid 

rock. 

450 

46 

Osrrola Consfjlidatcd 
Mining CoinjKiny. 

Houghton 

County, 

Michigan. 

Native copjjer. 

Amygdaloid, 

calcite, 

prehnite, 

magnetite. 

ia6o 

47 

Jmm y Mining 
Company. 

Hancock, 

Michigan. 

Native copper. 

Amygdaloid. 

1700—1900 

4S 

Tamar ark Mining 
Coinpanv. 

Houghton County 
Mil higan. 

Same as Mill 44. 

Same as 

Mill 44. 

1500 

40 

Now Smiigi'lcr 
Concimtraior. 

Aspen. 

Colorado. 

^htmeasMilI jS. 

Same as 

Mill 28. 

las 

SC. 

A Bartlett Mill. 

Arizona. 

Galena, chalcopyntc, blende. 

Hornblende 
and quartz. 

20 (fr) 

s». 

(i) 

Yreka, 

California. 

Native gold. 

Gravel. 

(m) 

s» 

Kia (>ra Gold Di edging 
(^impany. 

On iville, 

California 

Native gold. 

Gravel. 

(>■) 


Hector Mining 
Compjiny. 

Tclluridc, 

Colorado. 

Pyrite, chalcopyrite. tetrahe* 
nto, galena and fi*eegold. 

White and 
blue quartz. 

90 

S 4 - 

Hornsilver Mining 
Company, 

Frisco, Utah. 

Native silver, argentitc, cerarg- 
yrite, and cemisite. 

Quartz, cal¬ 
cite and 
siderite. 

100 

55 

Pandora Mil] of 
Smuggler-Union 

Mining Company, 

Telluridc, 

Colorado, 

P>Tite, chalcopyrite, galena, 
sphalerite, several arsenical sil¬ 
ver minerals. occa.sionally na- 
t)\'egold and silver. 

Duartz, rho- 
aocrosite, cal¬ 
cite and 
^arite. 

130 (0) 

SO. 

Franklin Mining 
Company. 

Placerville, 

California. 

Native gold. 

Conglomer- 
ite. with 
black sand. 

f)0 

57 . 

Moi th Star Mining 
^mpany. 

jrass Valley, 
i^alifomia. 

Free gold, auriferous pyrites. 

^artz. 

64 

S8- 

Maryland Mining 
Company. 

Sras-s Valley, 
Califoniia. 

Free gold, auriferous pyrites. 

Quartz and 
»atc. 

80 

59 - 

Smpirc Mill. 

Stass Valley, 
California. 

Native gold, auriferous pyrites. 

Quartz and 
Biate. 

60 

60. 

W. Y. 0. D, Mill 


iiiiiiUHi 

Quartz and 

uate. 

34 



Jreenwood, 

California. 


^artz and 
date. 

ilS-iaS 


wild Gold Mining 
Company. 


62. 

Stand Victory 

Mining Company. 

Placerville, 

California. 

Native gold. auriferoiM pyrites. 

Quartz and 

rap-like 

rock. 

lOO-IjO 

6j. 

Say State Mining 
Company. 

'osumnes River, 
Califmtiia. 

Native gold and auriferous 
pyrite. 

Duartz in 
late. 

eo 

64. 

iVildman Gold 

Mining Company. 

_ 

hitter Creek, 
California. 

Native gold and auriferous 
pyrite. 

[)uartz, or 
[uartz in 
tlate. 

i )3 (rt 
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jrarr to mill mumberb. 


Mill 

No. 

Name. 

Location. 

Economic Minerals. 

Ganguc. 

Capacity 
per 24 

Hours. Tons. 

6s. 

Madison Mill of the 
Utica Company. 

Angel's Camp. 
Calaveras County. 
California. 

Native gold and aunferous 
pyrite. 

Soft slate 
with <iuartz. 

us (9) 

66. 

Hoinestake Mining 
Companv. 

Lead City, 

South Dakota. 

Native golrl and aunforous 
pyrite and arsenor-ynte 

Quartz in 
mica s« hist 

400 

67. 

West Waverly Gold 
Mining Company, 
Limited. 

Waverly. 

Nova Scotia. 

Native gold and arsenopyntc, 
galena, pyrite, chalcopynte. 
sphalerite. 

Ouartz. 

50-65 

68. 

Montana Mining 
Company, l^i^ted. 

Marysville, 

Montana. 

Native g«)ld, tetrahednte py- 
ritc, chalcopynte, blende, gale¬ 
na, arsenical polybasitc, argen- 
titc. 

Quartz. 

slate. 

granite, 

caleite, 

manganese 

oxide. 

105 

69, 

American Developnng 

and Mining Company. 

Gibbonsville, 

Idaho. 

Auriferous pyrites, argentifer¬ 
ous chalcopynte. 

Slate, quartz, 

<'aUite. 

hematite. 

07-113 

70. 

Newton Gold Mill. 

Idaho Springs. 
Colora<lo. 

Auriferous pyrites and native 
gold 

Quartz 


71. 

Kennedy Mining and 
Milling Company. 

Jackson, Amador 
County, Cali¬ 
fornia, 

N.itive gold and aunfemus 
pyntes. 

Quartz ami 
slate. 

06 (j) 

7 a. 

Keystone Consolidated 

Mining Company. 

Amador City, 
California. 

Native gold and auiilcrous 
pyntc 

Quart/ in 
slate, or 
'liiuriz. 

1 iO 

73. 

Utica Mill of the 

Utica Company. 

Angel’s Camp, 
Calaveras County, 
California. 

NativegoM and auriferous 
pyrites. 

Omar*/ in 
slate 

210 (J) 

74. 

Stickles Mill of the 
Utica Company. 

Angel's Camp, 
Calaveras County, 
California. 

«) 

(0 

210 

75 - 

Zeile Mining Company 

Jacksi:tn, Amador 
County. 

Califoniia, 

Native gold and aimlcnms 
pyntes. 

Quart?, with 
an<l tab 
»(ISO slat<’ 

15 *^ 

76 . 

Gentle Annie Mill. 

Placerville. 

California. 

Native gold and auriferous 
pyntes. 

Quartz in 
slate 

I.S-25 

77 

Hidden Treasure Mill. 

Black Hawk, 
Gilpin County, 
Colorado. 

Gold ami sdvcr-beannj: miner¬ 
als (pynte, chaleopyntc, 

blende, tetrahednte, arsenopy- 
nte. galena ) 

Quartz anil 
feldspatliu 
nmtcnnl cal- 
cite, sid<Titc 

«S 

78. 

Gates Canvas Plant of 
Kennedy Mining and 
Milling t'omiiany. 

Jackson. 

Amador County, 
California. 

(«) 

(«) 

100 

79 

Keystone Consolidate<l 
Mining Company. 

Amador City, 
California. 

(!■) 

w 

1 to 

80. 

Utica-Stickles 

Canvas Plant. 

Angel's Camp. 
Calaveras County, 
California. 

(w) 

(H,) 

41O 

81. 


Anil’s Camp. 
California. 

(I) 

U) 

18-30 

■ 

Montana Mining 
Company, Limited. 

Marysville, 

Montana. 

Like Mill 68. 

Like Mill 68. 

110 

8j. 

Eureka Hill 

Mining Company. 

Eureka, Tintic 
District, Utah. 

Native silver, ccrargyrite, gale¬ 

na, cerrusitc. anglesite, mala* 
chite, azurite, chrysocolla, ar- 
senite and nrseniate of copper. 

Quartz, cal- 
cite, sidentt 
and rhodo- 
crosite. 

130 

1 

Mammoth Mining 
Company. 

Mammoth, Tinlic 
IHstrict, Utah.. 

Native silver, ccrargyrite. ar¬ 
gentiferous barite, malachite 
arsenite and arseniate of cop 
per. 

Quartz and 
calcite. 

too 

85 

Newton J'ggtng Mill. 

_ 1 

Idaho Springs, 
Colorado. 

Like Mill 70. 

Like Mil! 70. 
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Mill 

No. 

Name. 

Location. 

Economic Minerals. 

Gangue. 

1 Capiicity 
per 24 
Hours. Tons. 

86 . 

Rocky Mountain Mill. 

Biaek Hawk, Gil¬ 
pin County, 
Colorado. 

Gold and silver bearing pyrite, 
chalcopyrite, blende, and 
galena. 

^artz and 
disintegrated 
granite. ! 

75 

* 7 . 

North Star on Sultan 
Mill, SilvcrtoTi Mining 
Company. 

Silverton, 

Colorado. 

Native gold, pyrite, ehalcopy- 
nte, galena, tetrahednte, bor- 
nitc, stibmte. 

Quartz, cal- 
cite, rhodo- 
chrosite and 
barite. 

125 

88 

Victtaia Mill. 

Silverton, 

L'olorailo. 

Galena, chalcopyrite, pynte 
and tetrahednte. 

Quartz and 
“porfjhyry'* 
((|uartz 
andesite). 

7 S 

8y. 

Hartzcll Conccnlniting 
Comiiany. 

Albiirtis, 

Pennsylvania. 

Magnetite. 

Siliceous 
with no 
phosphorus 
or sulphur. 

T 2 S (C) 

go 

New Jersey Ir<iii 

Mining Comp.my 

port Oram, , 

Now Jersey. 1 

Magnetite. 

Quartz with 
some apatite. 


61 

EdiMin Magnetic Con¬ 
centrating Plant, New 
Jersey and Pennsyl¬ 
vania ('ont filtrating 
CoTTjpaiiv 

Edison, 

New Jersey, 

Magnetite. 

Feldspar 
with a little 
quartz and 
apatite. 

4000 (y) 

1 

1 

6 -»' 

Weihcrill M.urnclic 
Concenlraling Plant. 
Sterling Iron and Zinc 
Company. 

Prankhn Furnace, 
New Jersey. 

1 Franklinite, willemito, fowler- 
itc. Kincite, tephroite. 

Quartz. 

calcite, 

garnet, 

mica, 

graphite. 

200 (2) 

03 

Wyrhc Lead and Zirn 
Mine Cumpanv 

Aiistmville, 

|\'irginia 

Limonile. .smithsonitc, willc- 
imte, cermsite. 

'Dolomite 
and quartz. 

80 (c) 

94 ' 

1 Lcadville Gold aiul 

1 Silver lixtractum 
Company 

lycailvillc, 1 

Colorado. 

i 

Nat’ve g<iUi and i errusite. 

Gray por- 
phvry with 
kaolin. 

75 

1 


(a) ProbabTv m lo h<Mirs. (b't fn o l>imr«^. (c) In lo hours. («0 Similar to. but richer than in Mill lo. 

(e) R(Kk (lo tuns in jo lumrs, mill, so tons in lo flours. (/) In 22 hours. (/?) Capacity of each roll 

a*' tion. ions m .4 hours; of steani stamp section. 250 tons in 24 hours, (h) 275 to 300 tons per 24 hours 
foi the sk'ii ni Iroatinif ore fn»m the company mine, and 1 *5 to 130 for the section treutinK custom ores. (*) For 
each of tlie two mills (k) Jn 11 hours. (/) A ffold drcilifimj plant, (w) Theoretical, 2,000 cubic yards in 
24 hours; actual i.ooo <ir less. («> The<)retical. 2.soo cubic yards per 24 hours; avera^^e, less than half this 
amount (o) Since incrcasccl to .’oo. (/») Since enlarycd to 14s tons. (<7) Since changed to about 200 tons. 

(f) Since enlarged to alnnit »tons, (r) Since chanued to 300 tons. (I) Similar to Mill 73. («) Pje mill 

treats the taiiin;:s oi Mill 7t. (f) The mill treats the tailings of Mill 72 (w) The mill treats the tailings of 

Mills 71 and 74 (r) Material is tailings from Mill 80. (y) In 20 hours. («) A second mill erected by this 

company hasacapacii., of 1,400 tuns in 20 hours. 






PART I. 


BREAKING, CRUSHING. COMMINUTING. 



PART J. 


BREAKING, CRUSHING, COMMINUTING. 

The valuable minerals occur associated with and attached to waste rock, and 
before any separation can take j)laee the one mineral must be severed, detached 
or unlocked from the other, and this is done by one or more of the following 
means: blasting in the mine; calcining by lire; steam hammers; drop hammers; 
hand hammers; rock breakers; crushing rolls; steam stamps; gravity stamps; 
and the various fine grinders. The several operations and machines will be 
taken up somewhat in the order of sizes of rock which they treat, those which 
treat larger lumps being, as a rule, considered earlier. 

Crushing machines may be divided into three great groups, namely: those 
which brert by pressure; those which break by a blow; and those which break 
by abrading or grinding. These principles are discussed in Chapter VII. 



CHAPTER II. 

PRELIMINARY CRUSHING. 


Preliminary cmahing is done by: blasting in the mine; calcining for fria¬ 
bility, with or without quenching; by sledging, spalling and cobbing hammers; 
steam hammers and drop hammers; rock breakers; special forms of rolls; log 
washers and wash trommels. 

§4. Bi.astino in tiik Mink.— 'Phough strictly speaking this o])cration lies 
outside the realm of ore dressing, it may bo made to help or to hinder the con¬ 
centration which follows, according to the manner in which it is conducted. 
For example, high-jiower explosives break the rock much smaller thiin those of 
low power, and lessen the work ot the hammer and rock breakiT very mate¬ 
rially. On the other hand, if the valuable minerals are brittle, a high explosive 
may cause too large an amount of fines, leading to subsequent toss in the mill. 
The occurrence of the ore in the vein is often in a pay streak of limited width, 
and when this haiqiens the bore holes may ho put in barren adjacent rock. With 
this precaution, the pulverizing ciTcct of the high-power explosives may extend 
to barren rock only, and the advantage of breaking small be obtained from its 
use, without the disadvantage of pulverizing the ore. In deposits where the 
above precaution cannot be taken, and, as a result, an undue quantity of fines 
is being formed, a lower power explosive may be resorted to as a cure for the 
evil. 

§ .'). (’Al.ClNINU Foil FlUAIill.lTY, IVITII OR WITHOUT QlTENCIlING BY WATER. 
—When an ore is heated by fire the minerals arc cracked and fissured in all 
direction', by the unequal expansion, rendering them very friable, and if they 
are dropped into water when hot the effect is increased. This operation 
increases the capacity of the crushing machines which follow, but at the same 
time it inerea'^ 's the tendency to slime, and also the tendency of sulphides and 
other mineriiis to deeoiniiose in sui’h a way as to affect the subsequent treatment, 
either favorably or unfavorably. An inslanee is recorded in which calcined 
quartz yielded 1.0% more slimes than raw i|U.artz, when crushed by stamps.*’ 

At Ammeberg, Sweden, in the works of the Vieille Montague Co., coarse ore 
is “softened” by heating in kilns, in order to lessen wear on the crushing 
machinery, (jneimhing with water was tried, but the blende decrepitated to 
such an extent as to cause serious loss in slimes, and it was, therefore, given 
up." At Allevard, Prance, spathic iron ore is “softened” by calcining, so that 
schist and quartz can be separated much more easily than without calcining.” 
At Altenberg Srxony, tin ore is sometimes made friable by heap roasting, with 
fagots, chips and roots for fuel.® At some of the corundum mines in North 
Carolina, the large blocks of hornblende, feldspar and gneiss arc prepared for 
the rock breakers by building a fire on them, and then suddenly throwing on 
water.” 

Breaking by Hammers, with or without Hand Picking. 

§ 6. Hammers are used for breaking the lumps that are too large for the 
machine breakers; or to aid hand picking, by which clean ore is set aside for 
the smelter, and clean waste for the dump. Hammers of several kinds are 
used: sledges, spalling hammers, cobbing hammers, steam hammers, and drop 
hammers. 
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OBE DBEBBING. 


§ 6 

Hanp Sledges. —These are two-hand hammers and are used in all mining 
regions for sledging, ragging or breaking the larger rocks to bring them to a 
size which will enter the jaws of the machine breaker. Where the valuable 
mineral cleaves from the waste rook in compact, rich fragments of suflicient 
size, hand picking accompanies this work. 

Two chief tvfx's of hammers appear to find favor: those with beveled edges 
are shown in Fig. 1; those with sharp edges are shown in Fig. 3. One hammer 



FIG. 1. FIG. 3. FIG. 3. FIG. 4. 


with a sharp pean running at right angles to the handle is shown in Pig. 3. 
The advantage of two faces on a hammer is that it can be used twice as long 
before it has to be re-faced. 'I'be claim for the sharp-edged face is that a skill¬ 
ful operator can cleave the rock with the edges and thus oifeet a more perfect 
separation of the valuable mineral from the waste. 'J’o maintain the edges, 
these hammers have to be faced up more often than tho.se with hevoled edges. 
The sharp pean, set at right angles to the handle, such as is used in Mill 38, 
(see Fig. 3), has the advantage that cleavage strokes of great accuracy can be 
made with it. Some managers claim that the skill of the workman is all 
important, and that the shape of the hammer, whether square faced or beveled, 
is a matter of indifference. Others, maintaining the virtues of the square face, 


TABLE 2. -SLEDGES ITSKD IN THE MILLS. 


MU! 

No. 

Locality. 

Face. 

Weight 

Pniiuds. 

1 Jjength 
of handle. 
Inches. 

1 Shown In 

! 

: 

EufitiR, P. Q. 

Sharp edcTPs. 

18 to 16 

2 ft 

8 

88 

Aspen, Colo.-j 

ShaiT) edges and 
sharp pean. 

12 

38 

a 

80 

Cosur d'AlSne, Idaho. 

Beveled edges. 

12 

34 

1 

40 

Butbs Mont. 

Beveled edges. 

10 for soft rock. 

86 

1 

48 


Sharp edges. 

I 2 H 

34 

8 



Beveled edges. 

10 

30 

I 


• 18,000 feet above sea level 


dissent from the latter proposition, while they agree to the former. Table 2 
gives some sizes and forms of sledges, and the localities in which they are used. 

It is noteworthy that the lightest sledge recorded (10 pounds), is used in the- 
light air of a very high altitude—13,000 feet above sea level. It will be noticed 
that Mill 40 uses a lighter hammer for soft rock and a heavier one for hard rock. 

In regard to the length of handle, the mill practice as found, ranges from 38 
to 36 inches gross length. As a general principle, the longer the handle the 
greater the speed of the blow, but beyond 36 inches the heavy sledges become 
unwieldy. 

In most of the mills where sledges are used, they serve only to facilitate hand 
picking (see Chapter XIII.), the principal part of the breaking being done by 
machine; but in Mills 3 and 14 all of the breaking is done by hand. In Mill 
77 such ore as neei^ to be broken before being fed to the stamps, is broken by 
sledges. The machine breaker, in this case, however, would be used if there 
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§ 7 

were sufficient height.* In Mill 35, ore is broken by sledges small enough to 
feed to the i)X 15-inch Blake breakers. 

§ 7 . Sj’alling JlAjiMiiits. —These are two-hand hammers, hut are much lighter 
than sledges; and tln^ operation of spalling i.s the breaking of moderate sized 
lumps down to a uniform size, with swift, light blows; for example,, bringing 
pyrite down to a suitable size for kiln roasting, with the minimum production 
of fines. Tlie spalling hammers used at Mill 13 (Fig. 4) are of two sizes, which 
weigh 3 and 3 ]>onn<is respectively, each of which has a 37-ineh handle. The 
larger hammer is of ]j|-ineh, the smaller of l:J-ineh square sleel, expanded at 
the eye foi- strength. Faeh is 6 inches long and the faces are rounded almost to 
a hemisphere, and with them 5-ineh cubes are broken to 3 inebes in size. What 
appears to bo the best foini of handle for a spalling hammer is much smaller 
in the middle than at the ends. It is 30 to 30 inches long, about 1^ inches 
thick at ibc hand end, about 1 inch thick at the hammer end, but shaved down 
to J inch for a distaime of 10 inches, beginning 0 inches from the hammer. Such 
t handle has withsinod five months of constant use by a careful man, while the 
average life of an ordinary handle is scarcely four days.^" In addition to 
increasing the life of the handle, the flexibility saves the shock to the workman’s 
hands. 

The capacity of a man for spalling is given by the authorities as follows: 


- 

VtHIIldM JUT iHtM". 

Maieriul. 

Size of protluci. 

lAinkonbacii 

i.4no 

Ivloo 

av) to fSir> (2^ to cubic feet). 

Ordinary sulphide ore. 
Averaffo on*. 

6 inches. 

“ 

“ 

Uirtiti^c(.r .. 


§ 8. CoBFiiNG llAMMEiis.—The.se are small one-hand hammers, and the object 
of cobbing is to eh‘ave and to hand pick the good ore from the refuse. The 
cobber generally sits down to his work. A good form of cobbing hammer has 
at one end a sharp wedge-shaped pea*) placed either parallel to or at right angles 
with the handle; and at the other end, a flat face with sharp edges; and weighs 
from 3 to 1 pounds. 'The flat face is used for the harder strokes, the sharp 
pean for the finer work. The sharp-edged pean at right angles to the handle 
has the advanlage that one can strike a truer blow, and cleave the good ore 
from the reiuse more perfectly. The pean parallel to the handle has the 
advantage that the fragments fly to right and left instead of toward and away 
from the operator. No cobbing hammers were found in use in the mills visited 
by the author. Various sizes of hammers, quoted from different authors, are 
indicated in Table 3. 


TABLE 3 .—HAMMERS QUOTED FROM AUTHORS. 



SI 

edging. 

Spalling. 

Cf^bing. 

Weight. 

Pounds. 

Handle length. 
Inches. 

Weight. 

Pounds. 

Handle length. 
Inches. 

Weight. 

Pounds. 

Handle lengUi. 
iDches, 

Foster. 

10 to IS 

8 to 12+ 


4 or 6 
(3 to 4 . 

<5 to 8 for 
(toughest rock 
8 ^ to 4 H 






1 . 

fl^toSfor 

I sort rock. 

1 S to 4 for 
(hard rock. 

2.2 to 2.6 i 

About 8.5 

1 

VlO to 19 

Haton de la Goupilliere. I 
Lickenbacb. 


\ 

About 48 

8 

36 

About 12 

tioiiis. 

8 

8 to 4 

r 

Peters. 


llllllllllllllllll 



Rittin^r... 


. 

80 to 36 

2 to 4 



t Sometimes as liji'ht as 6 pounds. 


^inoe the above was written it has been found poaslbis to Introduoe machine breakers, and they are now 
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§ 9. Steam Hammeks of largo size were formerly used in Ihe Lake Superior 
region, at Mine 44. These haniitiers weighed a ton or more and were lifted and 
forced downward by steam cylinder and piston, in the .same manner as large 
forging hammers. For convenience, the anvil was placed on a level with the 
floor to make easy the placing of rock masses and the removal of the fragments. 
The use of higher power explosives in the mine, and of larger rock breakers in 
the rock houses has done away with this machine. 

A small steam hammer, made by William Sellers k Oo., is used in the rock 
house of Mine 47 for cleaning mass eop))er from adhering rock. The cylinder 
is 10 inches in diameter, with stroke 18 inches long. The steam pre.ssnre is 
f)0 pounds per square inch; the number of strokes is 141 per minute, more or 
less, and it consumes about eight hors(“ ])Ower. 'The weiglit of the striking part 
is 400 pounds. 'I'lie anvil vveigbs about li.noo ]ionnds. 'I'be sboe is made of 
gray cast iron, wdiieh lasts 90 days and is more durable than chilled cast iron. 
Three men working with this hammer, can dress one ton of mass copper per 
hour. It yields: 

Clean copper (about 75% copper) to smelter. 

Kich copper rock (7 to 10% cop|)er) to the stamps. 

Drop Hammers, operated on the |irineiple of a pile driver, arc used to a con¬ 
siderable extent in the Lake Superior district for breaking large lumps and 
cleaning mass copper prejiaratory to smelting. 'They are used in the rock bouses 
of Mines 40, 47 and 48. The hammer is lifted between guidi's by a rojie, an 
overhead sheave and a winding drum. When at the to]), the drum is released 
and the hammer falks, unwinding the rope as it goes down. 'The hammer has a 
shoe in the form of a truncated cone. 'The die is supported upon heavy founda¬ 
tions to wilhstaiid the shock, and is plao'd on a level with Ihe floor for conven¬ 
ience in bringing masses of rock and removing the resulting fragments. 'The shoe 
and die are replaceable when worn out. Details of the drop hammers in the 
mills arc given in Table 4. 


TATll.E 4 . —DROP HAMMERS. 


Mill 

No. 

[ Entire Hammer. | 

1 Shoe Alone. 

Drop. 

Feet. 

Feet. 

Diameter. 

Inches. 

Weijfht. 

Pounds. 

Height. 

JnchoB. 

Top Piani. 
Inches. 

Bott4>m Diam 
Inches. 

Weight (about). 
Pounds. 

id 

47 1 

48 

7 

13 

3,000 
3,000 
3,000 i 

13 

13 

8 


6 

6 to 30 

6 

7 

13 

33 

13 

8 

350 


§ 10. Advantages of Hand Breaking. —Breaking by hand is more expensive 
than by machines if any considerable quantity of work is being done; but if th^ 
enterpri.se is temporary or on a small scale, or if the valuable mineral is of high 
value, or cleaves in compact, clean lumps, hand work may be the cheaper. 

Hand breaking makes much less fines than breaking by machine; and with 
certain classes of ores, for example preparing pyrite for making sulphuric acid, 
this has at times been considered a sutficient gain to ofl'set the advantage of the 
cheaper machine work. Hand breaking has the important additional advantage 
of intelligence—it severs the different minerals from each other in a manner 
moist favorable for making clean products by hand picking. This fact is utilized 
in Mills 13, 17, 46, 47 and 48, although they use machines for the principal part 
of their breaking. 

The relative profiortion of fines was shown by a test of 2,220 tons of average 
copper ore, half of which' was broken by hand, and half by a breaker get at 64 
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Id 


mm. opening, everything emallcr than 6 mm. having hoen first screened out.*' 
The proportions of coarse to fine made by the operations were as follows: 

By hand. By breaker. 

Through mm. on 6 mm. 90.00 per cent. ftS.o8 per cent. 

Through 6 mm. 9.31 *‘ ** 17.82 “ ** 

showing that the breaker produced nearly twice as much fines as the hammer. 

The advantage of the intelligence that is coupled with hand breaking, over 
the mere mechanical breaking done by machines, is shown by a test where 49% 
if clean products was picked out in coiineetion with the former, while only 17% 
was picked out in connection with the latter." 

The questitm as to whether hand or machine breaking is preferable in any 
jiven case must be decided, of course, l>y the net profit. 


EOCK EEEAKKHS. 

§ 11. These machines, as a rule, conslituie the first step in systematic crushing 
for milt work. They all act upon the ju'ineiple of approacliing and receding 
jaws which crush the rock. 'I’hey are fed with ore of mixed sizes up to the maxi- 
num diameter that the mouth or receiving opening can take, and they break it 
;o a uniform maximum size, whidi latter is determined by the distance apart of 
he jaws at the throat or discharge ojiening. Since the large size and irregu¬ 
larity of the feed rock generally ])recludes automatic feeding, they are fed by 
land or by .shovel, in many eases by chute sloping from the bottom of a bin, 
he attendant easily pulling forward the ore in the chute by a rake or hoe. 

There are two chief classes of machines: 

I. The jaw breakers, which arc intermittent in.achines. 

II. The spindle or gyrating breakers, which are continuous machines. 


1.—.Taw Breakers. 

The jaw breakers are divided into three types according to the movement of 
he jaw: 

(а) Those wiiich are pivoted above so as to give the greatest movement on the 
imallest lump. 

(б) Those which have an equal movement on all sizes. 

(c) Those which arc pivoted below and have the greatest movement on the 
argest lump. 

(a) JAW BREAKERS WITH GREATEST MOVEMENT ON SMALLEST LUMP. 

§ 18. The Blake Breaker, as finaBy adopted by its inventor, Mr. Eli Whitney 
Blake, was the first successful jaw breaker, and it has held its place as the 
standard machine ever since. The original form, patented June 15, 1858, 
rave the greatest movement at the mouth. “The inventor quickly saw that for 
■apid cnishing of rock the conditions of movement of jaw should be reversed, 
—that the lower part of the crushing face should have the greatest movc- 
nent.”" The standard form which is in the catalogues of all the manufae- 
nrers, has the greatest movement on the smallest lump. 

The Blake breaker (see Figs. 5, 6 and 7) is mad up of the parts described 
IS follows: The frame 1 (Pig. 7) is made of strong cast iron or cast steel, strongly 
ibbed, and amply thick to resist great stresses and shocks. Below and forming 
larts of the same casting, are the four legs 0 (Fig. 5) with feet having bolt 
loles for holding down the machine. Upon the top of the frame are the boxes 
lor the swing jaw shaft 35, and the eccentric shaft 36. At the rear is a hori- 
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anS are driven toVtelr'ing tt™”,fii2d1™VlSe'a“ 



FIO. 5.-SECTION OF BLAKE BREAKER, MADE BV THE BARREL FOUNDRY ANl 

MAOIHNE CO. 


0. Legs. 

I. Frame.. 

8. Swing jaw. 

3, Pitman, 

4. Fixed jaw. 

?• „ “ “ plate. 

6. Swing “ 

7- Toggle. 

8. •' block. 

8. “ l)daring. 

10. Wedge. 

11. Fiy-wheel. 

18. Pulley. 

18. Cheek plate. 

14. Pitman iialf-box. 
16. Spring bar. 

16. “ rod. 


KEY TO FIGH. 5, 6 AND 7. 

17. Rribber spring. 

18. Washer. 

19. 

80. Thumb nut. 

81. Hoiiper. 

33. Key. 

83. Bolt. 

84. “ 

85 . “ 

8B. Eye l>oIt. 

87. Lock wrench. 

38. " 

89. Bolt. 

80. “ 

81. Setscrew, for key. 

83. Bolt. 


83. Set screw. 

84. Nut. 

85. Swing jaw shaft. 

36. Eccentric shaft. 

87. Cap for swing jaw shaft. 

88. “ “ eccentric. 

89. Key for fly-wheel 

40. Gib. 

41. Key. 

48. Supiwrting bolt. 

43. Web. 

44. Adjusting bolt. 

45. Throat. 

46. Mouth. 

47. Oil tubes. 

48. Recesses for cheek plates. 


fte frame 48. (S^ Fig. 7.) Chilled cast iron with longitudinal 90<> corru 

ga^ons appears to be the most tisual material and form for^the jaw nlates 

bolt^4i*"^Ti^ -^^f and is held to its shaft 35, by the gib 40 and key 

taw At i funushed with a jaw plate 6, which is held by doyetads to Se 

in ^oye 4 tLTpring JoV 16.*' ' i. 
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The pitman 3, is of steel and is suspended from the eccentric shaft 36, with 
bearing surfaces of babbitt metal above and below which can be taken up, as they 
wear, by the key 23. It is made veiy strong to resist great tensile stress. It 
has two steel toggle bearings !». The toggle block 8, su|)ported by the bolt 42, 
is also furnished with a steel toggle bearing 9. All four toggle bearings are 
held in place by set screws, 30. The wedge 10 is elevated or depressed by the 



FIG. 6.—DETAILS OF THE BLAKE BREAKEE, MADE BY THE FAUREL FOUNDRY AND 

MACHINE CO. 

bolt 44. The two toggles 7, are supported by the toggle block 8, the pitman 3, 
and swing jaw 2, respectively. 

The two spring rods 16, are furnished with rubber springs 17, which are held • 
in compression against the spring bar I,!. ^J’bc four toggle bearings 9, are fur¬ 
nished with oil tubes 47. These and all the oil hob*s in Ihe boxes are kept 
1*0 av6id grit. Tlie half hopper 21 (see Fig. 6), covers the boxes, key 
and oil holes of ibe swing jaw shaft and shields the pitman and toggles. ITic 
heavy fly-wheel 11 is attached to the eccentric shaft 36 by a key 39, and tha 
pulley 12, is bolted to the fly-wheel. 

The receiving spacie 46, is called the mouth and is measured by the width of 
the jaw plates, that is to say, the distance between the check plates; and by the 
g^e or opening, that is to say, the distance between the tops of Ihe jaw plates, 
pe diseharging space 45 is called the throat and is measured by the width of 
the jaw plates and the opening between the jaws when they are farthest apart. 
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8 13. Operation and Adiwtment.—The operation of the machine is as 
lows: As the eccentric lifts the pitman, it straightens out the toggles, lengthen¬ 
ing the distance between their outer ends. This ^ 

prMch the fixed jaw, crushing the rock. When the 

it unlines the toggles and the swing jaw m free to recede from the fixed jai^ 
It is forced to do so by the rubber spring and it then allows the crushed rock 
to slide down to a new bearing preparatory for the next nip. 

The tiower is brought by a belt to the pulley and is consumed by the crushing 
of rock for a period slightly less than one-half a revolution, because it requires 
au instant of time to sidtle the rock to a bearing against the jaws. During the 
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Other one-half revolution, the power is being accumulated in the fly-wheel. 

Hence its action is intermittent. , 

When, by the wear of the jaw plates, the space at the throat becomes too p 
and the crushed rock too coarse, the jaws can be brought nearer to each b^ 
raising the wedge by means of its nut. When the wear is too great for tM 
adjustment to be effective, longer toggles can be used, care being t^en to chooM 
them of lengths to keep the pitman vertical. Later, the jaw plates raay oe m 
verted and the whole thing repeated, and finally, new jaw plates must be pro- 

Details of Sues.—Table 5 shows the details of the ® 

Blake breaker made by the Parrel Foundry and Machine Co., some of which are 

illustrated in Fig. 8. . . , i. a o 

The capacities stated in the list are approximate, and are ”! 

ore that is hard and friable, diligently fed, and that will clear it^lf « 

outlet, and they vary somewhat according to the nature of material to be broken. 










































riG. 10. —ELEVATION OF ifO. 13 BKEAKEK, IN TABLE 6. 
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8. Put in swing jaw 2, tighten the caps 37 on swing jaw shaft tight enough 
to keep the shaft from moving, then put on the lock nuts. 

3. I’ut in pitman 3, with large end of key nearest the toggle block 8. Let 
it drop on a block of wood high enough to clear bearings about six inches, then 
slide in the shaft 3(1. Notice the marks on one end of the shaft, so as to get 
the pulley end on the driving side. 

4. Put in the lower box with thin wood packing. (This packing keeps the 



FIG. 1 1.— SUCTION OK Tlin ni.AKli CIIAI.I.IJNUE ItUUAKEll. 


A. Lower timber frame, 

B. Upiwr 

C. ('Ianip.s. 

D. Kly-wliecls. 

E. Pulley. 

E. Fixed jaw bloek. 

O. Pitman toggle block. 


II. Pitni.m half box, 

/. (Ibeeks. 

J. Swing Jaw. 

K. .Taw abaft. 

L. Spring. 

M. Oil cliainber. 

N. Main tension bolts. 


O. Toggles. 

P. Jaw plates. 

R. I’itman rod nuts. 

Main eiicentric shaft 
T. “ toggle block. 
n. Fixed jaw back. 

V. Spring rod. 


key from tightening the lower box to the shaft.) Next put in key from the 
back and tighien set screw. 

5. Lower shaft into bearings and put on caps, having a piece of thin wood 
or leather under the caps, to keep them from being screwed down too tight on the 
shaft. 

6. Put on fly-wheels according lo marks on the shaft. Key Ihem tight to 
clear the side of the bearings about lii inch, and bolt on the driving pulley to 
its place. 

7. Put in the toggles 7, the longer in front, or between the swing jaw 8 and 
pitman .3. lA?t the wedge 10 be screwed down to the lowest point. By raising 
or lowering the wedge 10 with nut 44, the size of the product is changed. Tf 
this will not give the required size, change either front or back toggle, keeping 
the pitman 3 about upright. Put in the spring rod 16 and the rubber spring 
17, compiessing the rubber only tight enough to bring back the swing jaw 8. 

8. Tighten the toggle block 8 with the nut 48. Oil bearings by the tubes 
47, set in for the purpose. Apply power and breaker is ready for use. Keep iron 
plugs in the oil tubes to exclude the dust. 

Oir If the fixed jaw 4 should require to be cast up, use zinc, about J inch thick. 
When the jaw plates are worn at the lower ends, they can be reversed. If the 
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steel toggle bearings should wear, they can also be reversed. It will then be 
necessary to drill oil holes on the other side for the oil tubes. 

§ 1C. Other Breakers of the Blake Tyre. —After the original patents 
of the Blake breaker ran out in 1878, nianufacdurers of mining machinery 
throughout the country began to seek improvements upon the original. Some 
of these changes are indicated in the extracts given below, from trade catalogues 
and from correspondence. 

§ 17. The "Blake Challenge Ttock Breaker, or Seeiioiml Cushioned Crusher” 
is a now design put forward by Theodore A. Blake, it combines hard wood beams 
and wrought-iron bolls vvilli the re(|uisite cast-iron blocks. 'The object is to make 
a sectional breaker of great lightness and strength. The parts of it are indi¬ 
cated in Pig. 11. 

The wear of the jaws is taken up by the main tension bolts N. Itubber cushions 
I inch thick are placed beneath the ends of tlu' upper frame B, to relieve the 



no. 12.— MONARCH (BLAKE TYPE) BREAKER, MADE BY THEODORE A. BLAKE. 


C. Clamps. 

F. Main frame. 
II. Pitman. 

I. Cheeks. 


J. Swing jaw. 

K. Swing jttw sliaft. 

L. Spritig. 

A. Tension bolt. 


O. Toggles. 

P. Jaw plates. 

a. Main eccentric sliaft. 
T. Toggle block. 


frame in case of undue stress. In the pitman head under the main eccentric 
bearing there is a ehamber M, for oiled cotton waste for lubricating the pitman 
head. • 

§ 18. Monarch Breaker.—Theodore A. Blake has also made a large-sized 
breaker, which he calls “Monarch,” with an inverted pitman, this form being 
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chosen in order to lighten the weight of the frame. It is illustrated in Fig. 12, 
and its details are given in Table 6. 

TABLE 6.—SIZES OF THE MONABOH BREAKER. (Prom the Catalogue.) 


Mouth Size. 
Inches. 

Approximate Weight. 
Pounds. 

Driving IHilley. 

Inches. 

Horae Power 
required. 

S0z18 

6A.0U0 

67x16 

30 

9UxlS 

CO.UOU 

57x14 


mxvz 

4fi.UU0 

57xm 

25 

Wx'Hii 

ISU.OOO 




At Pittsburg, Pa., a 30x18 machine running at 300 revolutions per minute 
and using i!) to 30 liorsc jxiwer, is reported to crush Ki-inch cube linie.stone to 
4-inch cube, at the rate of 30 tons per hour and at a cost of Hij cents per ton. 
The same machine on hard A'ermillion hematite, crushes (iOO tons per 34 hours 
to 3 inches at a cost of 3| cents per ton; on softer oees it crushes 750 tons per 
34 hours. 

i; 19. i)’. H. Kroin makes Sei'iiuiial Breakers of the, Blake Ti/pe with two or 
four tension holts, lie uses toggle.s with cylindrical faces rolling upon plane 
.surfaces to do away with the friction, thus saving wear, power, and oil. As 
shown in Fig. 19, the toggles aiv .-upported at each end by flattened gear teeth 
which occupy only 22.5% of the horizontal width of the bearing surface. To 
guard the machine against breaking by the feeding of a hammer head or other 
hard object, he uses upon the tension bolts either breaking cup.s of cast iron which 
yield by breaking or malleable washers which yield by bending, or ho puts an 
elastic connection into liis jiitnian hy means of a car spring. For lubricating 
the under side of the eccentric journal, he uses a packing (Fig. 19), held in 
place b\ a spring. TIis jaw )ilate.s are made up of tempere<l steel bars running 
across the jaws, as in Fig. 19. 

g 30. Ti'.e Union Iron Works Breaker ha.s both the jaw plates keyed at the top 
by keys running the whole width of the jaw. I’he opposing grip is obtained 
-from a dovetail in the back of the jaw ])iate and running across it, which is 
forced against the edge of a dovetail socket in the jaw. 

§ 81. 4 Duplex Breaker made by the Farrel Foundry and Machine Co. serves 
to increase the cajiacity of the machine. 'I’his is. m effect, two breakers in one. 
Table 7 gives the sizes. The two jaws come forward alternately, each in its own 
compartment. 


TABLE 7 .— SIZES OP FARREL DUPLEX BREAKER. (From the Catalogue.) 
Abbrevifttions.—H. P.ahoTse power; In.=lncbpfi; Rev.srevolutions. 


Mofith 


Size of 

R«*v. per 

M.P. 


Weight of 

Size. 

! to Sices 

Pulleys 

Minute. 

required. 


HeavlHit Piece. 

Incht^. 

Tons. In. 

Tons. In. 

Tons. In. ' 

Indies. 



Pounds. 

Pounds. 

40x6 

480 to 2 1 

288 to 1 

144 to M 

80x9 

800 

20 . 

21,500 

12,400 

40x10 

960(03 

720 to 2 

480 to IH I 

80x10 

SOO 

30 1 

84,500 

19,600 


§ 82. Brennan & Young make a breaker which has its movable jaw divided 
vertically; one half advances while the other retreats. The two jaws are adjacent 
to each other in the same compartment. For details oi this as found in the mills, 
see Table 9, Mill 89, breakers Nos. 1 and 8. 

§83. The lever pattern of Blake breaker (see Fig. 13) is lighter and has 
parts more accessible than the pitman pattern for the same work. It has a laiw 
eccentric stroke causing undue wear. The power is transmitted through a belt. 

























22 ORE RRESSmO. § 24 

a pulley, a crank 3, a connecting rod 3, a lever 4, pitman 5, and a pair of toggles 
6, to the swing jaw 7. 

§ 34. The Oiaut Hock Breaker, made by tlu! Parke & Ijary Co^ is of the Blake 
type and has a sectional cast-iron frame and four strong tension rods. 

I'he jaw plates of this breaker, lailled j)in plates, are made of east steel, studded 
witli specdal steel f)ins which arc made very hard and driven into holes drilled 
in the plates. 'Phc east steel wears more rapidly than the specdal steel pins, which 
therefore furnish projecting points. I’he taki'-up shell of the pitman in which 
the eccentric shaft works is provided with springs (see Fig. IK), and as the 
eccentric wears out of tni(> the s])i'ings take u]) th(> lost motion and thereby 
prevent pounding, so that the machine may be run at a higher speed. The pit¬ 
man is made hollow to lighten it. 



PIG. 13.— SECTION OP A 9X13-INCir BLAKE BREAKER OF TUB LEVER PATTERN. ■ 

§ 35. The Bisdon Iron Workx use four or sis tension rods on the cast-iron 
frame, making the breaker sectional. They place the wedge for adjusting the 
jaw opening at the bottom of the pitman, moving the toggle beariTigs apart or 
together, according as decreased or increased space between the jaws is desired. 
The wedge bolt is on a cast-iron plate which servos as bnaiking piece for the 
machine. A babbitted gib and spring key-bolt are used under the main shaft 
at the head of the pitman to take up wear and prevent pounding. The pitman is 
made hollow to lighten it. 

I 36. The Joshua Ilendy Machine Works use four tension bolts with cast-iron 
frame, making their machines (the Hercules Rock Breaker) of the sectional 
pattern. They also use cast stwl jaw plates. 

§ 37. In the breaker mn-de by the Fulton Iron Works the fixed jaw is held 
in place by four eye-bolts which act as the chief tension pieces of the machine. 
By loosening the two upper eye-bolts and slipping them to one side, the fixed jaw 
can be quickly revolved down to a horizontal position for repairs. The jaw plates 
consist of horizontal steel bars placed one above the other. A key-bolt and spring 
gib hold the babbitt and the under side of the eccentric at the head of the pit¬ 
man to take up lost tnotion and prevent pounding. A spiral spring is used for 
opening the jaw. They also make a breaker with two heavy tension rods below 
and two shorter, lighter rods abovej with a view to lightening the frame. 
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§ 28. In a Blake breaker made by the Oates Iron Works, the toggle block 8 
(see Fig. 5) is made adjustable up and down, which affords a means of varying 
the angle between ttie toggles and consequently the amount of throw. The varia¬ 
tion is given in Table 17. 

g 29. A 28X.'tO-i'/(c/t Blake breaker used at the Minnesota Iron Mine was 
modified so as to overcome trouble from stalling on hard ore. 'rhe angle be¬ 
tween the toggles was ilattc'iied as much as possible and the throw of the eccentric 
was increased to 2 inches in order to retain a movement of 1^ inches at the 
throat. The jaw j)lates were also made in four sections so that, as the bottom 
section wears faster than the others, it is only necessary to take it out, move the 
other three sections down one position, and ])ut a new section in at the top. 

§ 30. Wulbuni d- tyu’cnscn use hajiimcred stool for the eccentric shafts. 
Friedrich Krupp (Irnsonwerk of ttennany has some 500 different models for 
chilled cast-ii-on jaws. I'he Colorado Iron Works use suitable oil cellars in all 
the boxes, to better the lubrication. 

g 31. 'The Hiiihantin Rock Breaker (see Fig. 14), made by the George V. 
C'res.son Goiniiany, of I\"ew York, has its fixed jaw B jiivotcd at P', which enables 
the iidjnslnient of the space between the jaws to bo made through the cross bar 
h and the tensioTi bcrlts and lock nuts E. V-washers slip over the tension bolts 
betveeen L and the tranu' and keep the fixed jaw firmly in place. This arrange¬ 
ment allows a variation in adjustment of 3 or 4 inches without changing the 
toggles. This breaker is built largely of steel and is made sectional for ease of 
trans])ortntion, and to give greater strength to the parts needing it. 

In an older type of this breaker, the two jaws were both movable, one being 
pivoted at L ajid the other at a point about two-thirds the distance from the 
toggle up to P. 'I’he tops of the jaw.*- P and P’ were connected hy two double 
eye-bars, the result beiTig that the motion at P' was about one-half that imparted 
to the other jaw at the end of the toggle. The respective movements of the 
jaws, measured on a figure, were as shown in Table 8. 

TAnl.E 8.—SrOVE.MEXTTS OP OLD BUCHANAN BREAKBE. 



Movement 
of jaw H. 

Im-hfvi. 

Movement 
of Jaw B'. 
Iiiehea. 

Sum of two 
Movements. 
Inches. 

At the top of jaws .. 

0.875 

0.000 

0.875 

hi from top. 

0380 

0.187 

0 407 

^ from top. 

0.187 

0 875 

0.663 

A t bottom. 

0 000 

0 750 

0 760 


The defects of this breaker were that the movement W'as such as to cause 
more or less "linuing w'hich incrca.sed the wear of the jaw plates and the per¬ 
centage of fines in the product. .41so the eye-bars wore in a short time so 
that there was much lost motion. 

A Buchanan breaker is used as the No. 1 breaker in Mill 90, but the author 
is unable to siate w'hether it is of the old or new tvi)e. 

§ 32. Details of Blake Type of Breakers from the Mills. —Table 9 gives the 
details of breakers of the Blake type used in the mills visited hy the author. 

It will be sooi; that out of 142 breakers 114 are of pitman pattern and 28 are 
of lever pattern, and that out of 136 breakers 116 are with solid cast-iron frame 
and 20 are with sectional cast-iron frame. Two columns for capacity are given. 
The "Actual Capacity” is the work the machine actually does during 24 hours. 
It is a common practice to work the breaker for only one shift or even less per 
day. The “Estimated Capacity” is the work it is capable of doing if worked 
constantly 24 hours per day. A breaker with jaw opening of about 9X15 indhes 
appears to be much the commonest size. The column marked "Wet or Dry,” 
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TABLE 9.—DETAILS OF BLAKE TYPE OF BKEAKERS GATHERED FROM THE MILLS 

VISITED. 

Abbreviations.—O.sBoHd cast-iron frame; Gap.-capacity; Est.ssestimaUid; H. P.-horsa 

power; h..^ hours; Iii.^iiiches; Ij.=:lever pattern; Min.sminute; P.sPitinan pattern; p.=per; pickedaspoor 
residue left after pickioK; Itev.nrevoliitiunK; S —sectional bolted frame. 


6 . i i “iLi •= bs V 

S U? 5-3 * FeedSIia ^ d-i: ^fo § b’S &c ® 



“ over 114 ill. enz.. 
** over 2 hi grlz . . 


fiO 125 

H 1(H)-120 800 


frf) 150 
W) 1 200 
8714-40; 112^120 


$100 . . 
"ici" 20 


“ “ picked. 

" “ over It^ in. pnz.. 


“ piiiked. 

“ over 114 in. Km., 


I Selected slnppiiu? ore. 

' Mineorepicked, over IJii in. griz. 

“ “ picked. 

“ ** over 1J4 In. prriz. 


1H 05 . 

114 . 

11^ ion 2(K) 

1 40-50 . 

114 100 . 

I4 too 140 

lU 90 125 

lu m 150 

ivj 100 . 

H 860 . 



]|4 200 
250 


“ “ over in.griz , 


“ “ over 1 in griz. 

(A?) On No. 1 trommel 1^ inches.. 

Mine ore. 

tk) On No. 1 trommel, 2*4 inches.. 

Mine ore. 

ik) On No. 1 trommel, 20 mm. 

Mine ore. 

(A;)Ou No. 1 trommel, % mch. 

Mine ore, over 3)4 m ftriz. 

(Ar) On No. 2 grizzly, 8)4 inches.... 

Mine ore over 4 in gnz. 

*• “ over4 ill. griz. 

Mass copper rock (m). 

From No. 1 bivaker.. 

Copper rock (m). 

Mine ore over 4 in. griz. 

“ “ over4in. griz. 


800 400 

80 100 

800 400 

. 100 


None. 

None .... 
Small.... 
Small.... 


“ over 2in. griz... 
** over 8 in. griz... 
“ ** over 1)4 in. griz. 

“ “ overgiiz. 

** ** over 196 in* Kfi** 

** ** over 2 in. griz... 

“ over 1)4 in. griz. 
** ** over2in. griz... 

** “ over2in. griz... 

•• over 2 in. griz... 
** “ over 1)6 in. griz. 

<n)OD trommel, 1 inch.... 
Mine ore. 


1)6 24 50 

1)6 15 . 

1 116 200 

9 no . 

1 48 . 

100 . 

75 !!!!*! 

48 . 

underSO 100 

1 “'75 “ !!!!!! 


180 7 

■■(rr* io 


Mine ore. 

Product of No. 1 breaker.. 
“ ** No. 2 breaker.. 

Mine ore. 

•• “ over 1)6in. griz.. 

Ikiineore....... 


es braiUA (h) Babbitt for bmringB. Jaw springs. Product of No. 1 iHeaker, picked; also sti^f thro^h 
inch griszly on )6 inch grisslyi picked, (fc) Through No. 1 breaker. <m) Over 296 inch grin^ and fr<xn fi^ 
nmer. (n) Through Oomet btmker, 8 inchM. (») Babbitt once in 8 srean, nothing ehw. (g) This it a Dupi«i 


breaker with each mouth 6x20 incbet. (r) Babbitt bmngi aanuaUy, cost 110. 




























































































































































PSELmiNART CBUSHma. 


§ 33 


indicates whether water is or is not fed with the ore. This question is discussed 
later in g .5(i. 

§ 33. W'car of Blake Breakers. —Table 10 has been constructed to show the 



wear of metal in lilake breakers. Four eoliiimis. f^ross and not wear, and gross 
and net cost per ton, have been computed. The gross wear is found by dividing 
the weight of tlie new ])ieee. tor example, a jaw plate, by the number of tons it 
crushes, called it.s life in tons. In computing net wear, however, the weight of 
the worn-('Ut piece is subtracted from its weight xvhen new before dividing by the 
life in tons cruslicd. 'J’he gross co.st is found by dividing the cost of the piece 
by the nnmber of tojis it crushes before being worn out. In computing the net 
cost per ton, till' value of the xvorn-ont 7 )i('ce is substraeted from its cost when 
new, before dividing. 1'lie cost of changing jaw jdates should he included as 
part of the origin.il cost in computing the co.st of the plates. The reader is 
referred to § .53, under spindle breakers, where the importance of this item is 
fully demonstrated. 

(6) JAW imHAKKKB WITH EQUAL MOTION ON THE COARSE AND FINE LUMPS. 

I 34. The We.siern Wheeled Scraper Co. advertise a breaker with cast-iron 
frame, fixed jaw and movable jaw. In Ibis machine, Ihe movable jaw is mounted 
upon a frame running upon rollers. 'I’lie frame and movable jaw are pushed 
forward twice each revolution of the fly-wheel a distance of about 0.4 inch, by 
an elliptical cam acting upon a roller tappet; the jaw is returned in the usual 
way by rod and rubber spring. 

§ 3.5. The Forster Breaker, made by 1’otten & Hogg (sec Pig. 15), has oscil¬ 
lating about a vertical pin L, a horizontal lever A N, wdth its long arm about 
seven times the length of the short one on the eenter line, or 4.7 times the dis¬ 
tance from the pin L to the lateral edges of the jaw plates. The power is applied 
by the belt pulley, D, the ce(*ntric H, and the horizontal connecting rod 0, to 
the end of the lever arm A. This requires a ball and socket joint at O; and in 
addition the eccentric strap has a lateral motion on the eccentric. The movable 
jaw N is placed across the end of the short arm and oscillates sidewise in front 
of the fixed jaw plate B. The motion given is of the same amount and kind at 
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TAB1(E 10. -WEAR EOK BLAKE BUEAKEB.S. 
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§ 35 


TABLE 10. —WEAK FOE BLAKE BREAKERS.— Concluded. 
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the top and bottom at any one vertical section of the mouth and throat but it 
vanes greatly in both respi'cts between the sides and the middle of the jaws. 

In Mill a borster breaker is used for dry crushing mine ore preparatory 
to stamping. Jls mouili is ISxad inches and it crushes to 1J inches ruiiniim at 
300 revolutions per minute. Its actual stint is 40 to 00 tons per day of 10 hours, 



equal to 96 to 144 tons per 24 hoiir.s. It uses 13 indicated horse power. Its 
maximum capacity is, however, somewhat higher than the aboic iigiire. Tilill 
67 substitutes for the single jaw plates u.sually furnished, soft back pieces of cast 
iron, containing the dovetail sockets into which are slippial the dovetails of the 
little blocks which form the wearing surfaces. 'I'hese blocks are of manganese 
iron and are eight in number for the movable, and ten for the statior.a-y jaw 
The wear of these blocks is shown in Table 11. -J J ■ 

TABLE 11. —WEAB FOR FORSTER BREAKER IN MILL 67. 


Abbreviations.—Lh«.=pounds; Cts. scents. 


Wearing Pert 

Material. 

Weight. 

New. 

Weight. 

Old. 

I’S 

51 

31 . 

Sells, Old, I 
per Found. | 

Ufa 

Gross Wear per 
Ton CrushM. 

Net Wear per 
Ton Crushed. 

Qrc«s Cost per 
Ton Crushed. 

s§ 

ssg 


Manf^nene Iron... 
Manganese iron... 

Lbs. 

640 

500 

Lbs. 

340 

320 

Cts. 

3 

8 

Cts. 

0.6 

0.6 

Days. [Tons. 
16 820 
16 1 620 

Lbs. 

0.656 

0.60D 

Lbs. 

0.244 

0.210 

Cts. 

1.06 

1.60 

cts. 

1.78 

1.60 

Stationary Jaw Plates. 


§ 36. The Blake MyUiple Jaw Breaker (see Fig. 16) belongs to class (6). In 
this machine three pairs of jaws, l,J,J,J,'i0 inches wide, are caused to approach 
one another by the toggles 0, 0, and are caused to recede from each other by 
rods and springs. ^ 


(C) JAW BREAKERS HAVING THE GREATEST MOVEMENT ON THE LARGEST LUMP, 
WITH THE SWING JAW PIVOTED BELOW. 


in 


§ 37. The Pome Bpbakek, invented by M. B. Bodge, and now manufactured 
an improved fo’-m by Parke & Lacy Co., is shown in Figs. 17 and 18. It 
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consists of a solid cast-iron frame 3, carrying boxes for the fulcrum pin 4 and 




HO. 17. —PEE.SPECTIVE OP THE DODGE BEEAKEB. 


the eccentric shaft 8. Bolted to this frame is the fixed jaw plate 3. The moTBr 
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blc jaw 1', to which is bolted the jaw plate 3', oscillates upon the fulcrum pin 4 
and the lost motion in the pin and boxes is taken up by the springs 14. The 
operation depends upon the use of the jiowerful lever 1, of which 1" is the long 
arm and 1' is the short arm. This lever consists of a web strengthened by heavy 
flanges. 'I’lie u|)ward or crushing movement is imparh'd to the long arm of the 
lever by an ireentrie 8, acting through a connecting rod 7 and the bearing on 
the hi'ad of 7. I’rojeeting jiins 7' which are a part of 7, are connected to the long 
arm liy connections and springs 15, thus providing for the return movement of 
the long arm and also to lake np lost motion. The cap of the connecting rod is 
provided with springs to take u[( the wear of the eccentric. The width of 
opening at the throat is adjusted to take up for wear by removing ])laies 10 from 
front to back of the fnlcnim hoxes at the same time setting up the set screw 0. 
Power is ap|)lii'd hy a belt on tbe pulley 10. 'Phe machine consumes power in 
cnishing rock for a little less than half a revolution and absorbs power in the 
fly-wheel for the remainder. It is therefore an intermittent machine. 

The sizes in which the machine i.s made are given in Table 12. 


TAIJLK Iv. SIZMS OF DODGF, BUKAKKR. (Fnim Farke& Lacy OatHlopue.) 


No. 

Moiith Size. 
llU’hPR. 

(3a])a<*it.y P'T I 
24 Ilmins. i’ons. 

Size f»f riilley. i 
liu’hes. 

Hevolutions 
per iitiuute. 

Horst* power 
Beqitired. 

Weight. 

Vounds. 

1 

8x0 

24 to 48 

12x5 

aw 

8 1 

1,200 

2 

7x8 

7,» to «> 

16x0 1 

HOO 

5 

2,200 

8 

8x12 

«) to 144 

24x8 1 

aw 

7 

4,600 



FIO. 18.—SECTION OF THE DODOE BREAKER. 


TABLE 13.—DETAILS OF DODGE TYPE OF BREAKERS GATHERED FROM MILLS VISITED. 


Abbreviations. —C.svsolid cast-iron frame; eap.scapacity; Est.—estimated; priK.=:errj 2 zly: II. P.r-horse 
power; h-ssiiours; in.r=iMches; L.=lever pattern; miu.srniniite; P.=pitman imtttTii; Rev.s=revolutione. 


£ 

a 

i 

Breaker No. 

Pattern. 

1 

O 

i. 

s, 

E 

s 

'A 

ii 

5-8 

r 

.s 

a 

u 

s. 

► 

&■ 

Feed Stoa, 

d 

*-< 

S 

■s 

■s 

2 

o 

Actual cap.per 
breaker per 24 
Houre. Tons. 

as . 

M t. » 

It 

§ 

OS 

Repairs 
besides wear¬ 
ing parts. 

b 

m 

i 

22 

1 

P.(a) 

2 

8x16 

366 

Mina ore over 1 to. grlz. 

1 

200 


Dry. 

(b) 

25 

26 

2 

L, 

2 

11x15 

214 

(c) 

H 

80-50 

240 

Dry. 

(d) 

(e)15 

28 

r 

L. 

1 

0x15 

100 

Mine ore cm to. erto. 


60-70 

■EbEJ 



19 

08 

1 

L. O. 

8 

6x — 

260 

Run of mine. 


80 

. 



5 

00 

2 

if) 

1 

8x30 

240 

(F) 

« 

80 

192 

Dry 




(o) by H. U. Krom. ib) Broken 2 jaws in 3 years; put in 2 jaw shalta; used 2 sets caat-steel stuffluK 
box Klanda on jn w shaft; rod breaks every 8 months; spring breaks every 6 inoDths. (c) Throueh Comet 2V4 in. 
on No. 1 tronnuel in. (d) Trufinlon Mocks last 2 years; miscellaneous bolte. (e) This is the result of a^ual 
m^urament. (nBuchanau jip'annlator; splitJiaw: made by Becker Foundrr and Machine Oo.: this 
choktu If over fed. (0)Timw«h No. 1 biwito oo No. J trommel to. w.. mub oreaaer 
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§ 38 

S. R. Krom makes a breaker of this class (see Fig. 19), in which the lever 
is replaced by pitman and toggles. 'I’he (Colorado Iron Works Co. makes a modi¬ 
fied Dodge breaker which they call the “Black ilawk.” 



Fid. li).-.SUCTION OF KUOM’s STANDAUD HOCK JIUlSAKlSIt. 
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the fixed jaw with a combined rolling and sliding motion. Maurice Bellom com¬ 
mends it. 



FIG. 20. —SECTION OF THE SCllUANZ lilifUKEE. 


§ 40. Sturtevant Roll .Taw Rocker Breaker and Fine Crusher, made by 
the Sturtevant Mill Co.—This machine ha.s a large cajiacity for crushing to a 



FW. 21.— sturtevant breaker. 


small size. Its description is as follows: (See Pig. 21). It has a frame 1, with 
a fixed jaw 2, pivoted at 3, capable' of receiving slight movement at 4, through 
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the link 5, the pin 6, the spring 7, the opposing wedges 8, the shims 9, and the 
adjusting bolt 10. These connections are provided to furnish two classes of 
movement: (1) The spring allows (lie jaws to open in case a hard object gets 
in. (9) The adjusting bolt, wedges and shims furnish a means of taking up 
the wear on tlie jaw. 

Motion is conveyed to the movable jaw through the several parts as follows: 
Power is furnished to the pulley which is bolted to the tly-wheel 21, and 
drives the pitman 18 by the eeeentrie 19, causing a vertical oscillation to the 
lever 17-l(i, about the center It!. 'I’liis in turn, through the ])in 15, iin])arts mo¬ 
tion to the piece 11, which is supported by the pin 12, the link U1 and the pin 
14. The machine is a toggle machin<‘ and' its two toggles are resja'ctively 1(1-15 
and 33-15. When these are lined up by the rising of 17. it causes the surface 83, 
which is a cylinder of radius 33-15, to roll from below upward upon the surface 
28, which is also a cylinder with radius 22-10, crushing all the ])articles lying 
between these two gre.it roll surfaces. In the nieantinic the two surfaces 24 and 
25 approach on the Hodge ]irinciiile, the greatest movement on the greatest lump, 
and break the large lumps, the fragmenls falling into the space between 23-23 
as soon as the lower jaws ojien preparatory to the next fine crushing act. 

A Quincy granite cobblestone weighing 2.5(!.‘l kilos, measuring 4X5X5 inches 
approximately, was crushed in 0 seeonds by a maebine with jaws 5X10 inches at 
the mouth, widening to 4X20 inches at the thmaf, and yielded: On 3 mesh,* 
0.‘2'/c ; through 3 on I mesh, 2,3% , through 4 on 8 mc.di, 32.1% ; through 8 on 
10 me.sh, 24.5% ; through 16 on 30 mesh, 14.8%; through 3(» on 00 mesh, 11.0%; 
through 00 on 120 mesh, 7.5%; ; through 120 jnesh, 7.7%; total, 100.0%. 

This machine is only just coming on the market so that a full tabic of sizes and 
capacities is not to be had. 'I'hc following data are said to be reliable: 

2X1 inches. Laboratory size. 

5X 10 inehes. No longer made, finished from 40 to 70 tons per 24 hours from 
4-in(4i cube down to j-inch when running at 350 revolutions ]iOr minute. 

0X10 imlies. Crushes from 48 to 72 tons ])er 24 hours of hard granite to 
^-indi, ami half the ))roduct will jiass through i-inch hole. S])eed is 250 revo¬ 
lutions per minute, requiring about 15 horse power. The frame is of cast iron 
and weighs 0 ton.s. 

0X24 inches, tirn.shes 90 tons in 24 hours of granite or hard quartz to ^ inch, 
running at 825 revolutions per minute. It usc.s 20 to 25 horse power, and weighs 
12 tons. 

For the crushing of samples of 20 kilos and less the author has found the 
Bniallest size very ellicient. 


OEXEEAL REAIAUKS UPON JAW BHEAKEKS. 


There are two lines of thought along which discussion may be profitable; 

(a) A comparison of the Blake tyiie with the Dodge typo of breakers. 

(5) The neces=ity for simplicity of action. 

§ 41. (a) The Comparison of the Blake and Dooof. Type of Breakers.— 
Much discussion has taken place over the question: Should the swing jaw be 
pivoted above or below ? As a contribution to the discussion the author submits 
Tables 15, 16, 17, and 18. 


* For actual sizes of these screeus, see Table 258. 
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TABLE 15.— MOVEMENTS ON THE BLAKE BBEAKER MADE BY THE FAUEEL FOUNDEY 
AND MACHINE CO. (See Fig. 22.) 


Number nf 
Breaker. 

Mouth Bixe. 
Inches. 

Distance 
ub-=: radius. 
Inches. 

Distance 
ac—radius. 
Inches. 

Movement 
at c. 
Inches. 

Movement 
at b. 
Inches. 

4 

7x10 

9 


Vi==0.95 ■ 

.078 


9x15 

10^ 

85 

A=0.318 

.094 

8 

10x90 


86M 

A-0.313 

.097 

10 

13x30 

m 

48 

A=0 318 

.085 


TABLE 16.— MOVEMENTS ON THE DODCE BEEAKEK MADE BY THE PAHKE A LACY 

CO. (See Fig. 22.) 


Number of 
Breaker. 

Mouth Size. 
Inches. 

I ‘Istance 
ab= radius. 
Inchea 

Distance 
a«*=radius. 
Inciies. 

Movement 
at b. 
Inches. 

Movement 
at c 
Inches. 

1 

6x6 

«« 


0 8H9 

1 

2 

7x8 

6*4 

iTM 

0 397 

1 

S 

8x12 


12 

0 247 

% 


TABLE 17.— MOVEMENTS ON THE BLAKE BEKAKER MADE BY CATES IRON WORKS. 


Mouth Si2«s 
Inches. 


4xlU 

7*10 

9*16 


Movement at Mouth.* 
Tnehes. 


A >« H 

A A 
^ A 


Movement at Throat 
Inches. 


>!itoU 

A to 

% to A 


• This breaker has an adjustment for regulating the amount of throw. (See 128.) 


TABLE 18.- MOVEMENTS ON DODGE BREAKER MADE BY OATES IRON WORKS. 


Mouth Size. 

Movement at Mouth. 

Movement at Throat. 

Indies. 

Inches 

Indies. 

4x6 


% 

6x8 

8x12 



10x16 

A 






DODGE BREAKER. 

Mill 22 gives iDovemeDt for an 8X16-lncli Krom breaker as J inch at the 
mouth and J indi at the throat. 

A TXlO-ineh Blak* and a 7X8-inch Dodge have in common a gape of 7 inches 
and for the purpose of computation may both be treated as if they were 7 X 7-inch 
breakers, crushing 1 seven-inch cube of sandstone at the mouth and 7 pne-inch 
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cubes of sandstone at the throat. The breaking strength of sandstone being 
taken as 6,457 pounds per square inch, (see Table 170), the 7-inc'h cube will 
require 4i)X6,457=31(>,3!»3 pounds, and the 7 one-inch cubes will reqidre 7X 
6,457=45,199 pounds, respectively to crush them. 'I’lie movements and speed 
of the two machines are taken from Tables 5, 12, 15 and 10, and are as follows: 

Blake. Dodge. 

MoToment at mouth... 0.076 inch. 1 inch. 

SfoTementat throat.... 0.25 inch. 0.387 inch. ' 

Revolutions per minute..... 275 SOO 

Then the total movements and the total foot pounds of work per minute for 
each when treating 1 seven-inch cube at the mouth and 7 one-inch cubes at the 
throat would be as follows: 



Total Forward Movement 
per Minute. 

Fo<‘t. 

Force to 
('rim)i Rock. 
Founds. 

F’oot Pounds 
of \Voi*k i)t*r 
Minute. 

) At UlO mouth. 
“*“**’-1 At tlw throat.. 

) At th« mouth.. 

0.076x275-4-12= 1 78 
0.25 y27fi-Kia= 5 73 

1. X300-4-12-25.01J 

0.397x30lH-12= 

' 316,393 

45.199 

1 316,393 

' 45,199 

5r>6.H4.3 

2.')6,9y0 

7,909,825 

446,OUU 


From which it appears that the Dodge breaker is working at 17.64 times the 

7,909,325 


rate at the mouth that it is at the throat 


17.C4), 


while the 


443,000 

Blake is working at only 2.19 times the rate at the mouth that it is at the 

If this line of argument is correct, a machine so unevenly loaded as the Dodge 
cannot fail lo be more e.xpcnsive in use of power tlian one as evenly loaded as 
the Blake. It will doubtless be argued that this slatement is not fair, because the 
Dodge breaks the; piece long before it has gone its 1 inch. This is true, but in 
reply it may be siah'd that, while it was breaking the rock, it was doing work at 
the above computed rate. 

Again, let us assume that onr 7 inch cubes actually report at the throat at the 
rate of 7 one-inch cubes for each crushing act and that these cubes, and no more, 
are crushed tine enough to drop through when the throat opens, then it will take 
49 crushing acts at the throat to clear away what one crushing act does at the 
mouth. In other words, the capacity at the mouth is 49 times as great as that 
at the throat. Is it not clear then that the Blake method, which diminishes the 
exertion at the mouth until several revolutions are often taken to make the first 
break, and increases it ai the throat, is more in harmony with the demands of 
the operation than tiie Dodge method which multiplies tlu? already too great ca¬ 
pacity of the mouth, and diminishes the already too little capacity at the throat, 
thereby tending to create the choking effect which is often comj)lained of in run¬ 
ning Dodge breakers. In Mill 26 on an llX15-ineh Dodge breaker, running at 
214 revolutions per minute, fed with rock between 3 inches and 1 inch in size, 
set to crush to 1 inch the choking, which had given much trouble, was stopped by 
putting in a hopper of the form shown in Fig. 24. 

This difference in crushing -s apparent in listening to the two machines. The 
Dodge breaker snaps the lumps apart with a report like a pistol shot, while the 
Blake works more quietly. Another evidence of the momentary high power 
required by the Dodge is the massive lever arm which was developed from the fact 
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that the earlier Dodge breakers gave much trouble from the breaking of the 
lever arm. 

The commonly expressed comparison between the two machines is that the 
Dodge gives a more even product while the Blake has a larger capneily. This 
however, eould hardly be true with machines built with tlu* iiiovoments (pioted in 
Tables 16 and 16, but it is true with those quoted in Tables 17 and 18. This 
common conclusion may be due to the fact that the Dodge breakers are usually 
set to do a little liner work than the Blake breakers. 

There seems little doubt that the Dodge gives a higher pore(>idagp of fines than 
the Blake with the same movement at ttie throat, especially when run at nearly 
full capacity. This may be aeeounted for by the fact Unit tin' Dodge is putting 
in more work at the mouth than is needed to prepare tiie lumps for the throat. 
This excess of work is making fines and the machine is acting under the con¬ 
ditions of choked eru.shing. (See S 97.) The eliokiiig or slopping of the Dodge 
is probably duo to this excess of fines, combined with the large movinneiit at the 
mouth. Each niaehiiie has its place, however, and the one to b' usisl udl de¬ 
pend upon the sp(‘eial conditions of each case. 

§48. (6) Tun Nuch.ssity for SiMPi.JorTV of Action.— A breaker which 
mixes two kinds of action in handling its charge, will generally be found to lie 
wasting cither jiovver or time by so doing. If, •'or exanipie, a breaker crushes 
the coarser lumps in one part of the jaw by pressure and in another by grinding 
action, either the pressure is better than the grinding or the gnnding lietler than 
the pressure. Whichever meihod proves la st for llml lump, it would be economy 
of power to treat all the lumps by that melbod. 

A breaker may be built up of Ivvo parts wliieh work u))on dilfcreiit |)rin(iples. 
In such machines the first or iipjier part prepares the ore for tbi' second or lower 
part. It will generally he found that ilie first part has a va.'^liy greater capacity 
than the second and. in eon.setpienee, it is eitlier elogg'ed with ore lliat it cannot 
discharge into the second part, wa.sting power tluTeby. or it must be underfed, 
and so wastes time. 'J’be Stiirlevant roll jaw breaker .seems to overcome tin's oli- 
jeetion better than any of the others, as the portion devoted to line crushing has 
a very large cap.'ieity, jirohably as large as that of the coarse ern.sliing portion. 
The widening of tlio jaws at the throat is made to contribute toward this end. 


II.— The Spindle or Gyrating Breakers. 

Of these machines there are three types: 

(a) Those which have the greatest movement on the smallest lump. 

(h) Those which have equal movement on small and large lumps. 

(c) Those which have the greatest movement on the largest lump. 

(a) THE SPINDLE BREAKERS HAVING THE GREATEST MOVEMENT ON THE SMALLEST 

LUMP. 

Examples of this type are; The Gates, the Comet and the MeCully breakers. 

§43. The Gates Breaker is manufactured by the Gates Iron Works, in the 
sizes shown in Table 19. It consists of a bottom plate 1 (see Fig. 86), a bottom 
shell 8, including the ehute for the crushed ore, a top shell 3, supporting the dies 
or concaves 19, which are of chilled east iron or steel, a three-armed spider 6, 
furnishing a bearing for the upper end of the spindle 86. In the very latest 
design the spider has but two arms. The bearing is cylindrical and the spindle 
tapers upward at thq angle of gyration. These parts are all suitably flanged, 
fitted and bolted to each other as indicated in the figure. The bottom plate 1 is 
made to be dropped, for ease of inspection and repair. The spindle 85, with a 
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shoe or crashing head 18 of chilled cast iron or steel, standing upon the steel step 
^8 and the octagon step 34 can be raised and lowered by the lighter screw 89 



no. 85.—SECTIONAL PERSPECTIVE VIEW OF OATES hbbaiteb 


1. Bottom plate 

2. Bottom shell. 
8 Top shell. 

4. Bering cap. 

5. Oil cellar cap, 
B. Spider. 

7. Hopper. 

8. Ectientric. 

B. Bevel wheel. 
10. Wearing ring. 


11. Bevel pinion. 

13. Pulley. 

18. Break-pin hub. 

14. Break-pin. 

16. Oil bonnet. 

18. Dust ring. 

17. Dust cap. 

18. Head. 

19. Concaves. 

22. Chilled wearing plates. 


24. Octagon step. 

2.5. Spindle. 

26. Upper ring nut. 

27. Lower ring nut. 

28. Steel step. 

29. Lighter screw. 

80. Lighter screw jam nut. 
' 1 . Counter shaft. 

83. Oiling chain. 


and the jam nut 30. The lower end of tiiis spindle is a ionrnal and finds a bear¬ 
ing in the eccentric hub 8 of the bevel gear 9. The eccentric hub is made of 
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brass firmly attacbod to tbe Kt'ai'; 't is babbitted inside and out on the thick side 
whore all the wear comes. While Ihe interior .surface of the hub is an eccentric 
bearing for the spindle journal, the e.xterior surface is a journal which is con¬ 
centric with the gear and finds its bearing in the bottom plate 1. 


TABLE 19 .—DETAILS OF GATES BKEAKKIt. (Taken from the Catalnj^ue.) 


i 

ao 

Dimensionii of 
«>scb receiv- 
iuK opening. 
Mbout) 
luclies. 

DiineDBioDB of 
threo receiv¬ 
ing openiijgg 
cotnblnnd. 

(About) 
InchcH. 

°Si.S 

s-sl 

*S o 

Capacity per 24 
faoun> in toDH 
of 2,(X)0 pounds; 
passing 214 incli 
ring according 

Dimensions 
of driving 
pulley. 
Inches. 

1- ■ 

.1 

Sc'a 

Indicated horse- 
jKiwer of engine 
recommend^ to 
drive breaker, 
eievulor and 
scruon.t 

£ 

£ 



to character of; 
rock. 

Diaiu- 

oter. 

Face 

0 . 


00 

2x4 

2x12 

S.'kO 



8 


700 

1 to lU 

$100 

0 

4x10 

4x80 

8,000 

4R to 

96 

16 

6 

500 

4 “ 5 

375 

1 

6x12* 

5x36 

5,500 

96 “ 

192 

20 

7 

475 

8 “ 10 

550 

2 

6x14 

6x42 

8,000 

144 

2H8 

24 

8 

4.50 

12 “ 15 

760 

8 

7x15 

7x45 

14,000 

21,000 

240 “ 

4K0 

28 

10 

425 

20 “ 25 

1,200 

4 

6x18 

8x54 

360 “ 

720 

32 

12 

400 

25 " 80 

1,800 

6 

10x20 

10x60 

29.000 

600 “ 

960 

36 

14 

375 

80 40 

2,.'i00 

6 

11x24 

11x72 

40,0(K) 

720 “ 

1,440 

40 

16 

350 

40 “ 60 

8,300 


14x80 

14x90 

' 61,0(X) 

1,200 “ 

S.iKH) 

44 

18 

8.50 

75 “ 125 

5,000 

8 

; 18x42 

18x126 

1 90,000 

2,400 “ 

8.600 

48 

20 

850 

100 “ 150 

7,000 


* The Noh 1 to B brmkers are uow built witli only two oiieDings in which case the aUe of each opeoiog 
li half the coiiihiiied openings, that is, 5x18, 6xi^l, 7x2:1, etc. 

tThis is a general figure. For line crushing tln» capacity will be less and the power greater. 


The beveled gear 9 is driven by the bevel ])inion 11 on the shaft 31, through 
the break-pill hub 13 and Ibe east-iron break-pin 11, by the pnlley 13, wbieb has 
a loose lit on tbe bub 13. 'I'be sjiei'd ratio of these gears is usually 3^ to 1. 
In Mills (it) and Gl, it is 3 to 1. Around the pinion 11 is a large opening for 
oiling and tending the machine. 

To prevent dust from injuring the bearings and gears, an oil bonnet 15 and a 
dust ring IG, both of east iron, gvrate with (lie spiiidb’ and make dnst-tight 
joints at those two parts. In tbe bonnet 15 is ])laeed an oil bole. The oil so 
fed fills the spaces down to (he step 38, tbe rotation of tbe iimcbine now causes 
an upward current in the journals of the eccentric 8 and completes the circula¬ 
tion by returning in the vertical tubes shown, of wliieb there are four. A horizon¬ 
tal pipe (not shown) leading in at (he level of the step 38 serves as a means of 
pumping in oil from below and also for draining. The dust cap 17 protects the 
upper bearing of the spindle from dust. If the oil gets thick or dirty, it may be 
drained out from the drain pijie, and hot water poured into tlie oil hole in the 
bonnet 15. This washes out the oil and any dirt that may have got into the 
bearings. This in turn is replaced by fresh oil and work proceeds as usual. 

The spindle is of forged steel or preferably of w'ronght iron. Tbe head is of 
chilled iron, with soft slats east inside for ease of boring. Tlie spindle is turned 
on a taper to fit the head, wbieb is driven to a solid, conical fit. The lock-nut 
rings 3t) and 27, are then screwed down to bold the head in ydaei'. Tbe head 
is generally made with fine corrugations while the concaves are smooth; sometimes 
both are smooth. 

There are twelve dies or liners G (Fig. 26). The space 1, behind and between 
them is run with zinc. One of them, 15, is called the key liner and is rectangu¬ 
lar fn section; behind it in the toji shell is a groove 2, for a wedge to drive it 
inward'for removal. After this one is removed the rest can be pried off one at 
a time. The ring 4 and the wedges 5 are only used when putting in new dies. 

When it becomes neeessarv, owing to the wear, to decrease the size of the 
opening, the spindle 2* and head 18 are raised by the lighter screw 29, which 
lifts the octagon step 24 and is held bv the jam nut 30. The total amount of 
raise possible is 2 inches on the Nos. 0 and 1 breakers; 2| inches on Nos. 2, 3 
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and 4; 3 inches on Nns. 5 and 0, and 3 J indies on Nos. 7J and 8. It is cus¬ 
tomary to have several sets of dies or concaves of different Ihickiiess. A new 
crusher head will he malcd with a thin sel of dies and when the head and dies 
wear beyond the limit of the li^liter screw' 21), the s])iiidle is restored to its start¬ 
ing height, and either a thicker sel of dies is ]iiit in, or the same set of dies with 
a narrower key die, ai'e reset with lliii’ker hacking. This is repeated until the 



head is wm n out. In the former case, three sets, in the latter, two sets of dies 
wear out a head. 

Since a certain point in the fop of the spindle, which is at the fulcrum, has 
no motion of <ra7\slation, while a point in the lower end of the spindle gyrates 
in a circle, it follows that the axis of the spindle describes in its gyrations a 
very' acute cone. Half the afa'x angle of this cone will he calh'd the angle of 
gyration, and is shown in Fig. 2!'>. This angle is ahont 1: 1t)0 or 0° 34'. 

§44. The action of the machine is as follows: When the bevel wheel 9 re¬ 
volves, the spindle 2.'> is free to gyrate or rotate in the eccentric 8. Practically 
it rotates until ore is fed between the cni.shing surfaces 18 and 19; it then 
gyrates. This gyrating motion causes the head 18 to ayiproach and recede from 
the concaves 19; and. owing to the fai t that the sjiindlo 35 acts as a lever with 
its fulcrum in the spider 6, it will cause a greater movement at the low'cr end of 
18 than at its upper end. 'I’his causes, upon the lumps of rock, which are fed 
into the space between 18 and 19, a crushing action by pressure which has a 
greater movement upon the smaller lumps than upon the larger. The fulcrum 
of the Gates is located at the lowest margin of the upper journal of the spindle. 
This rises and falls inside the box of the spider in adjusting the height of the 
spindle and head. It follows then that with this adju'tment, the angle of gyra¬ 
tion showm by the central vertical lines in Fig. 86 (and also the leverage) varies, 
requiring a little play in the upper and lower journals. The total vertical 
movement of the spindle is only 34 inches in the large breakers, and 2 inches 
in the small, and the journals are fitted for the halfway position, making the play 
never over 0.02 inch, which is claimed to be no more tnan is customary on any 
machinery. 
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A. Cap. 

B. Oscillating bo*. 

C. Tripod bearing. 

D. Hopper. 

E. liner.<i or dies. 

F. Crushing head or shoe. 

O. Spindle. 

H. Dust cover, 

I. Dinst cover. 

J. Hub bolted to bevel wheel. 

K. Bevel wlieel. 

L. Bevel pinion. 

M. Steel toe. 

N. Loose self-adjusting but¬ 

ton. 

O. Step. 

P. Liner section, 

Q. Band wheel. 


KEY TO HO. 27. 

8. Clutch. 15. 

T. Removable breaking pins. 17. 

U. Driving shaft. 20. 

V. Drain pipe. 21. 

W. Oil feed. 

X. Friction rings. 22. 

Y. Dowel pins for friction 23. 

„ rings. 24. 

Z. Guard plate. 

1. Hole in sliell for forcing 25. 

out liners. 26. 

2. Baseplate. 28. 

5. Throat. 29. 

8. Staple for guard plate Z. 80. 

9. Kingbolt. 81. 

10. Kingbolt. 82. 

11. Key for head. 33. 

14. Bolts. 85, 


Bolts. 

Bolts. 

Foundation bolts. 
Wearing plate on chute 
plate. 

Chute plate. 

Step support. 

Cap for bevel pinion 
journal. 

Outer pillow block. 

Collar. 

Main body or skirt. 

Sleeve. 

Mandril. 

Collar. 

Draw bolt. 

Draw bolt. 

Kdge of bo*. 


by the next act of compression, and this is repeated until it is broken fine enough 
to pass the throat of the machine, that is, between the concaves and the head at 
the narrowest point. The ore then pas.scs out over the cliute 22. 

The (iates breaker can be designed for finer ermshing with a smaller throw than 
the ordinary jaw I,maker. This is due to the fact that the corrugations on the 
tead are creeping backward all the time in a full fed crusher, and any tendency 
to pack IS broken up by the constantly changing difference in the parts of the 
lead and rif tho coneavt's which are opposite one another. 

See Tables 25 and 2(1 for details from mills. 

§ 45 The Comet Bkhakeu (Fig. 27 and Table 20) is manufactured by Fraser 
fc Chalmers, and is like the Gates in design and action. 'J'tiere are however 
lertain differenee,^ in the detail of the construction to which reference will now 
^ bo removed, giving free access in front to the beveled 

,eam J he entire chute is covered with a boiler iron wearing plate 21 to be 
■ciiiovcd wiicii worn out. The spindle G is turned a true cylinder above to fit 

f. Tht steel spindle toe M is fitted tight into the spindle and is turned concave 
in its under side to tit the convex side of the loo.se button N. giving perfect self- 
ffjustmont between these two parts. The button N is flat on the Lder side, as 
3 the step 0 on its upper side. N is therefore, free to slide on 0. These two 
urfaces will always wear flat. The bevel wheel K has a cast-iron hub, theTnside 
'be ooeentrir and acts as bearing for the lower end of the spindle 

he out^de acts as journal for the gear and is therefore concentric with the 
liter. For any point m the spindle the radius of gyration is yU of the dis- 
ince of said point from the fulcrum. Both these surfaces are babbitted on 

TABI.E 20.— details OF COMET BREAKER. (TVikea from Catalogne.) 


An 

as » 


Ontslda Pimetn* 
sions of Frame 
Sent with 
Breaker. 


s I 5.1s 


.g-i Mley niam- Ig 11.S 
•fg eterand^lBce. El oS* « = 

It 1^1 M 















the spot; (he sleeve 2!) serves for babbitting the outer surface, and the mandril 
30, for llie inner. Tlie velocity ratio of the gears is 2:1 in Mills 2(i and 84. 
Friction rings A. three in number, furnish tlie gear A' with anti-friction support. 
The n])])er and under rings ai’c of bronze and are dowelled to the gear K and 
the base 2 respectively. The middle ring is of steel and is free to revolve. On 
the dust collar /, jiroieeting the eccentric hub J is a tight leather joint attached 
to the s]pindle G. Oil is fed to the main spindle bearing by the pipe W, and 
drained from it jprevions to lubricating by ojpening the pipe T. By tilling the 
pipe IF to the level of the to))s of the hearings, jperfect lubrication of the in¬ 
side and outside bearings, as well as the friction rings, will be obtained. For 
larger machines one pint of oil four times a day will be lu'eded; in starting a 
new machine, the oil should be drained every two days and the support 23 taken 
off and cleaned. This oil can be used again on other hearings. At 11 is another 
dust collar similar to I, but jiroti'cting the gear teeth from ore. 

The eluteh iS' and cast-iron clutch toes 7', serve to jmt on and take off power 
and also as a breaking part, so that if a hammer head is fed to a breaker, the 
niachino sto|)s while the tly-wheel and pulley go on revolving. 

The oscillating box H is turned true cyliiuter inside hut is tajiered ujiward on 
the outside at the e.vact angle of gyration of the sjiindle (1 in 100). 'I'he lower 
edge of this box 3.5 is the lulcruni, the position of which is constant. The set 
screw 12 prevents it from rotating. When the spindle is raised for adjustment, 
the box does not rise with it, thus keeping a constant leviTiige and a uniform 
alignment between upper and lower bearings and the spindle. In the llguro the 
spindle is shown at its highest jiosition. 

A guard iilate Z is put in to jirotect the gears on the rear side from harm. 
This is kept locked and opened only for oiling or repairs. The gears are of steel 
cast as smoothly as possible and not planed. The head F tits the spindle on a 
tapered seat and is held by a key 11. It is removed by the draw bolts 32 and 33. 

The dies or concaves are put in place after cleaning, drying, warming them in 
cold weather, and stopping the cracks; they are then backed by running in molten 
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perhaps wear twice as fast, and the iipjior part half as fast as the middle part, 
this p an sends less metal to the scrap heap than when the head is in one niocc. 
9 and 10 (ti;;. o-) ^re rinff bolts used for lifting out the various parts: 8 is the 
staple for fastening the plate Z. 

§40. Adpidmenl for Wcar.-The Amount of Throw.—Ixi the earlier forms, 
the wear of the head and liners is taken up by raising the spindle by the introduc¬ 
tions of buttons under the step pure O. When this has reached its limit, the 
liners or bead have to be changed as in the tlates hreaker, and the spindle lowered 
again to its starting poinl. 'I'he biiflon adjustment was a clumsy arrangement, 
and 111 the later form (see I'lg. ;i.3) there is a ram A' provided with a steel toe d' 
on which stands I,he hemispherical button g and the spindle G. At the lower 
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FIG. 33.—COMET miEAKER WITH 
NEW CHAIN ADJUSTMENT. 


FIG. 34.— SECTION OP THE 
McOULLY BREAKER. 


end of the ram are two supporting sheaves T, and running through a slot in the 
h A crank shaft C' turns the screw B' of the worm gear 

and by it the gear W and +he grooved drum V, upon which the chain B winds 
this chain passes under one sheave T, over the loose sheave 0, under the other 
sheave r and up to be attached to the frame at m. In the largest breaker E 
i' thTct^siig 1?'.^ mechanism 9 inches vertically. The whole is 
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Some of the dimensions and the amount of movement of the Comet breaker 
are given in Table 21. 


TABLE 21.- DIMENSIONS OF COMET BHEAKEB. 


Si*«. 

Vortical Dis¬ 
tance from J^'iil- 
ennn to Top 
of Liners or 
(’onwives. 
Inches. 

Vertical Dis¬ 
tance from Ful- 
cnim toliottom 
of Liners oi 
(?<moave». 
Inches. 

Vertical Dis¬ 
tance from Ful¬ 
crum to CJonter 
of Eccentric 
Journal. 
Inches. 

Total Movement, or Thniw. 

At Top of 
Liners. 
Inches. 

At Bottom 
of Liners. 
Inches. 

At Center 
of Kccen- 
tnejourn’i. 
Inches. 

A 

8 

18 

56 

.16 

.86 

1.12 

I) 

10 

24 

67 

.20 

.48 

1.84 

0 

1(1(4 

27 

76 

.21 

.54 

1.52 

1) 

IH 


92 

.26 

.66 

1.84 

K 

14 

88 

108 

.28 

.76 

2.16 


See 'J’fible.s 25 and 2(5 for details of Comet breakens in the mills. 

§47. 'I’liE McCci.ly CvnATJN(i 15 iinAK[iii (Table 22 and Fig. .31) i.s nianu- 
faetured bj" R. McCully. This breaker is in principle like tin; Gates and Comet, 
but it has certain diirenmccs for which advantage is claimed. They are as 
follows: 

The spindle V is not .supported on a step below but is suspendial from the tripod 
m? through the adjusting nut the screw m and the ball and socket joint m'p, 
consisting of a sjiherical ball ni* and a screw plug p, with a hemispherical socket 
on the under side. The nut m,‘ is held at any particular thread by a key m* to 
suit the raising or lowering of the crushing"head. The top journal of the spindle 
is turned cylindrical while the inside of the sleeve 5“ is conical to suit the angle 
of gyration. The fulcrum is at /c\ The elTect of this combination is (hat the 
weight of spindle and head arc carried upon the tripod with greatly reduced 
friction, while in the Gates and Comet breakers this weight causes the sliding 
friction of the step below. The machine has a side manhole which enables it 
to be safely lubrical.cd while running. The bearing of the large gear can be 
removed for repairs by lowering the bottom by bolts without taking down the 
machine. A flexible canvas hood 0 excludes the dust from the bearings below. 


TABLE 22.— SIZES OF McCITLLY BREAKER. (From Catali^ue.) 


81se. 

Weisrht 

of 

breaker. 

Founds. 

Size of each 
feed open¬ 
ing in 
breaker. 
Inches. 

Sire of com 
bined feed 
openings. 
Inches. 

Capacity per 24 
hours in tons of 
2,000 pounds to 
macadam or 
ballast size (2^ 
inches). 

Dimensions of driv¬ 
ing pulleys. 

Revolutions 
of driving 
pulley per 
minute. 

Gears reduce 
this H. 

Size of engine 
In horsei^w- 
er for break¬ 
er, elevator 
and screen. 

Diameter 

Inches. 

Face. 

Inches 

) 

6,600 

6rl8 

5x86 

108 to 204 

20 

4 

600 

5to 

6 

2 

7,900 

6x14 

6x42 

168 “ 288 

24 

5 

476 

8 “ 

10 

8 

14.000 

7x16 

7x45 

860 “ 480 

28 

6 

450 

12 “ 

16 

4 

21,000 

8x18 

8x64 

480 ‘‘ 720 

32 

H 

425 

16 “ 

20 

6 

27,500 

10x80 

10x60 

720 “ 960 

86 

10 

400 

18 “ 

22 

6 

48.000 

11x24 

11x12 

960 “ 1,440 

40 

12 

875 

25 “ 

80 

7 

64,000 

14^X80 

14^x90 

1,440 “8,000 

44 

14 

875 

40 “ 

60 

8 

91.000 

18x42 

18x180 

2,400 “8,600 

48 

16 

875 

60 “ 

76 

9 

100,000 

20x44 

20x132 

2,880 “4,200 

62 

18 

370 

80 “ 

no 


An older form of the McCully breaker has ho ball and socket joints but simply 
has two large lock nuts upon the threaded upper end of the spindle. The lower 
lock nut rests din'ctly hpon the sleeve 6* (Pig- 34). This has the disadvantage 
that the sleeve bears only at one point- at a time and there is more or less of an 
up and down or seesaw motion of the head. 
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§ 48 

§ 48. CoMPAKisoN OF THE GATES AND McCtoly Bbeakers. —A Comparative 
test made by the Gatos Iron Works on the regular Gates breaker, a Gatos breaker 
supplied with a suspended shaft so made as to obviate any seesaw motion, and 
an old style MeOully breaker, gave the re.sults sliown in Table 33. The conditions 
with regard to speed, amount of throw and leverage were the same, and the same 
crushing head wa.s used for all three tests. 


TABLE 33.—COMPARATIVE TESTS OF SPINDLE BREAKERS. 


8tyio of nreakor. 

Test 

No. 

Opening 

at 

Throat. 

Inches. 

Rock 

Used. 

Pounds. 

Time 

Consum¬ 

ed. 

Minutes 

Not 

Power 

Used. 

Relatire 
Work Used. 

Ret'iilar flat-tis, No. 0. 

8 and 4 

0.17 

TiOO 

9 92 

10.04 

103.5 

Gut<‘s No. 0, with 

Bhaft. 

h and 6 

0.17 

600 

lo.ai 

9 87 

100.0 

OJ<l Rl>Je McC’iilly. 

7.8 and 9 

0.17 

6(X) 

13.51 

8.77 

116.0 


1’he rock esed was hard, elo.se-grained granite, all betwi'en 3 and H inches 
diameter, and had a eonipressive strength of about 30,000 pounds per sfiiiare inch. 
The “Net I’ouer Used'’ is obtained by snbtraeling the power used in running 
empty from the total used in erusinng. 'J’he “Relative Work Gsed in (Vushing” 
ex])res.se,s the rati(. of the produels of power multiplied by time. Sizing tests 
of the produets are given in Table 34. 

TABLE 34.— SIZING TESTS OF PRODUCTS FROM SPINDLE BREAKERS. 



Tests Nos. 3 and 4. 

Tests Nos. 5 and 6. 

Teste Nos. 7, Band 9. 


Pounds. 

Per (Vnt. 

PouiKts. 

Per Cunt 

Pounds. 

Per Cent. 

Over a Incli. 

1.5 

0.30 

1.6 

0.80 

0.68 

0.12 

Throuirli 1 on 9;i-inch. 

60.5 

10.15 

59.5 

11.94 

28.60 

4.69 

Throuirh H on H-inch. 

1S4.0 

45.a3 

218.5 

43.88 

198.80 

89.70 

ThrotiMh U on la inch. 

9t».5 

20.00 

99.0 

19.86 

126.70 

25.80 

Througl* ^4 on >^-incb. 

122.0 

24.58 

120.0 

24.07 

151.20 

80.18 

Total. 

497.6 

100 01 

498.5 

100.00 

600.7 

99.99 


This table shows that the extra work done hy the old MeCully breaker as shown 
in Table 33, has made its appearance in a finer crushed product. 

(6) SPINDLE BREAKERS WITH EQUAL MOVEMENT ON LARGE AND SMALL LUMPS. 

§ 49. Rutter Breaker. —S. E. Kro.n has in his catalogue a figure called the 
improved Rutter breaker. It places the crusher head directly upon a long eccen¬ 
tric running its whole length. The spindle, therefore, revolves and the crusher 
head gyrates upon the spindle. This is the earliest form from which the modern 
spindle breakers have been developed.* 

(C) SPINDLE BREAKERS WHICH HAVE THE GREATEST MOVEMENT UPON THE 

lAROEST LUMP. 

§ 50. The Lowry National Breaker, the rights of which are now owned by 
the Gates Iron Works, represents this class. The spindle has a pivot consisting 
of a ball and socket bearing placed just below the crusher head. Breaker No. 
4 in Mill 89 is of this pattern. (See Table 35.) 

•Batter's Ore MIU, patented March 23,1869. Brown’s Improved Mill, March 28, 1878; reissued September 7. 
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§ 61 

8 51. Comparison of Spindle Breakers op Glass (a) with Those of 
Class (c).— Tlio remarks made in comparing the ]}lake ami Dodge typos of 
breakers, (Sil), apply I'cre with equal force. „ w ^ .l 

Mill Data on Spindle BuiiAKEHS. —Table 35 gives the details of the 
spiiidli' breakers in the mills visited liy the author. These maeliines are all fed 
dry. It is notieeable that they arc all of them machines of large capacity, but 
are run much below their limit. In the mills u.sing Comet breakers the new 
worm-gear adjustment is evidently becoming a favorite means of adju.stinent for 
taking ufi wear, the old Comet adjustment with buttons being used only on 
machine.s of earlier date. 

TABLE 3.5.—^DETAILS OF SPINDLE BREAKERS. 

Abbreviations. — Pr =:br»*ak«^r; O.^oomot:^ f'ap =capa<’ity; Eat =t‘stimat<*cl; 0 .=sOates; Krix.^jyrizzly; 


H. I’.^luirae pow* 



j.=.L(»wry; Max.=miixiniMni; No.^mimbtr. 


212 


Size of Feed. 


Sizn 

ICrush'd' 

to. 

InchiMs. 


Mine ore-. 


over griz 

overlWIn. “ 
over 1 -m. “ 

overli^-i**' ** 


over H 


over griz. 

(0 


IB. 

2 

2 

3 

H 


Actual Cap 
per Br. per 24 
Hours. Tons. 

Est Max. Cap. 
per 24 Hours, 
(a) Tods. 

Repair* besides 
wearing parts. 

Est H. P. 
Required. 

200 

250 

no 

200 

75 

17 

125 

200 

OO 

100 

( 6 ) OIUI 
960 

(c) '(d)S'l 

uo 1 yo y.'i 

480 

(/) 

20 



12 

880 

(. 0 ) 


ih) 1 40 





Head Raised 
by 


Worm gear. 


Strew to 6 In. 
Screw to 6 in. 
^rew to (5 »n. 
Shims up to 6 in. 
Worm giar. 


ia)Th»»ar«.«U.nate»bythem.;il.nanaKO;.|fpr<»pacin«s^ 


(b) This can probaUlycrush 1,440 tons in 24 hours. (c> I^P®**^* L„„rv n 

1 b tiio result of actual measurement. {«)Noue except wcosional babbitting. (/) Babbitt eccintiic evoy 6 
mouths, (i;) Bevel gear and pinion gear. (A) Babbitting bearing, (i) Through Ko, 8 breaker on No. 1 
trommel, 1 In. 

Table 2fi shows i\w. wear and cost of parts in the spindle breakers and is com- 
puted in the same manner as described under the Blake breaker, § d3. 

TABLE 3fi.— WEAR FOR SPINDLE BREAKERS. 

AbbreylaU 0 M.-lst G. B =l 9 t grade babbitt; B. P.=br 6 .ikii;g pin; I). W. I.=best white Iron; p. I.srtlllen 
Iron; C. II. K =.case hardened steel: C. I.s=cast Iron; E.=:each; H.—Head; h —Liners; M. O. B.-main gear 
babbitt; r.sspivota; 


Total weight. 
Pounds. 

Cost 

per 

j^und. 

8 eU 

per 

Tiound. 

Life. 

Wear per ton. 
pounds. 

Cc«t per ton. 
Cents. 

Kew. 

Old. 

New. 

Cents. 

Old. 

Cents. 

Days. 

Tons. 

Gross. 

Net. 

Gross. 

Net. 

3,300 

11,440 

11,780 

(a) 


6 

6 

0.06 

0.65 

350 

1120 

1 l 50 

■ 

0 . 06.55 

O.III 

0.073 

H' 



. 

( 6 ) 


245 

245 

140 

225 

15 

102 

60 

(d) 

% 

■ 





H 

IjH 





m 

5 

n 

0.006 

0.0080 

B 

mmiif 


mumj 


HHIIili 


7 

7 

P. 

12,760 

11,250 

0.069 

0.068 

0.0298 

0.0234 

0.40 

0 . 47 S 

0.41 

0.897 



















H 


7 

7 

4 

4 


180 

180 

IKO 

180 

id) 

m 


0.167 

0.127 

0.0685 

0.125 


1.167 

0.861 

0.260 

0.500 






700 

1,400 

■P. 

0.0187 

0.0875 

0.217 

0.484 

6 


. 1 . 










mmi 

1 

[■——1 

j. 


Wearing 

part. 


Material 


H. 

L. 

B.P. 

H, 

L. 

H. 

12 L. 
B.P. 

H. 

L. 

P. 

M. Q.a 

H 

L 

n. 

L. 

H. 

L. 

P. 

M. a B. 

B r. 


Ch. I. 


C. I. 
Cb.l 


Ch.I. 

C. H S. 
I9t G. B. 
Cb. J. 

B. W. 1 

Ch^L 

C I. 

jaL" 


(rt) Sxax laincnes. (b) JStt.OO psriot. (c) X 7 inches. (dlLongtlme. 
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§ 53 

§53. Routine of Managing Reads and Concaves on Spindle Breakers .—In 
Mill 66, throe .sets of concaves of varying thickness are used. A new head is 
first inoimt(>d and with it the thinne.sl set of (;oncaves, and the screw adjustment 
is u.sed to regulate size until the head is raised to its highest, therr the process is 
repeated with a medium B(!t of concaves, and finally with a thick set. At the 
end of the third period the head is worn out and the routine is gone over again. 

In Mil! 8.S, two thicknesses of concaves ordy are used during the cycle and the 
spiinlle is raised liy si\ hutlons, each 1 inch (hick, one at a time. 

In Mill 36 a Coinct I) hreaker wore its part" as indicated in Table 27. The 
cost of ri'inoving old concaves and ])n(ting in new ones was about .$21..lO, includ¬ 
ing zinc for backing. The cost for changing a head was about the same. 


TABLE 27.- SHOWITO WEAIi OF FAIITS m MILL 26. 



CoiKiavt's. 

lT.'ud 


Ooat per 


Dat4«. 


pounds. 

Wfipriit 

Clilliod iron umdtt by 

{KUlIld 





Pounds 


Ceitts. 

Duya. 

Toua. 

May 2l», 1H95.... 


1,440 


Fritser & Chuliuera. 


109 

:i07 

112 

84 

13,874 

38,869 

18,247 

4,154 

May 29, 

3.300 


S«n>t 15 1895... 
Jun. 5,1H1HJ .. 

2.‘i 

1,440 

1,700 

Lakti Superior Iron Works. 



6 

Keb. 8. 1H% .... 

3,'s 

1,7(50 


“ •“ “ •* 

6 

148 

24,309 




8,30(1 




July 6, 1896.... 

S'j, 

1,700 

lAHial foundry. 

6M 








General Go.vsinEitATioN about Bkuakeks and Bbf,akino. 

§.54. t'UALiTY OF Crushing bv Bruakrrr.—T wo sizing tests are given as 
follows: 

In Mill 2.’.. breaker No. 1, a !)X15-inch Blake, set to crush run of mine con¬ 
taining dolomite wiili disseminated galena H inehe,s in size, yielded the following 
sizes: (In I} inches, .51,2% ; through 1J on J inch, 16.7% ; through J on 5 inch, 
7.3% ; through 5 on 3 inch, 7.t)% ; through J on I inch, 6.2^.; through j inch on 
4 mm.. 4.8% ; (iirongli 4 mm. on 1 mm., 4.4%; through 1 mm. on | inm., 0.4%; 
through J mm., 1.1%; total, 100.00%. 

K. Vkin Beytt"'- gives the following sizes as produced by a jaw breaker running 
at 230 revolutions and crushing lumps of Przibram ore all about 64 mm. size. 
Through 64 on 32 rnm., 22.3.5%; through 32 on 22 mm., 24.12%; through 22 
on 16 mm., 18.85% ; through 16 on 12 miiL, 4.22%; through 12 on 8 mm., 
10.15% ; through 8 on 6 mm., 5.03% ; through 6 on 4 mm., 1.40% ; through 4 
on 3 mm., 1.40%; through 3 on 2 mm , 1.91%; through 3 on 1 mm., 3.60%; 
through 1 on J mm., l.';o%; through \ on ^ mm., 1.94%; through 4 on 4s 
mm., 1.23% ; through jV mm., 2.10% ; total, 100.00%. • 

For other sizing tests see § 48 and § 63. 

Too much im]iortance should not be given to the foregoing figures, as the per¬ 
centages vary much according to circumstances; for example, whether the mine 
fines are sifted out or not, whether the ore is tough and brittle, or soft and granu¬ 
lar, whether the machine is set to crush small or large, whether it is of Blake 
or Dodge type, whether the crushing surfaces are sharply corrugated or smooth. 

As an example of this last condition we have Mill isj where a Blake breaker 
(see Table 9) is used to emsn pyrito for kiln roasting. New jaws with sharp 
co^gations make approximately 14% of fines in crushing rock to pass through 
a hole i inch in diameter, while old round and smooth plates make 30% of 
fines. Hence the very short life allowed for plates in that mill. 
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§ 56 

With the Gates breaker it has been found possible to do “choke” crushing (see 
§91'), and so crush th(! material finer than the opening at tiie throat would 
indicate. As a speeifit; example, a No. 1 Gates breaker, set at li inches, sent 
its product (o a trommel with J-inch round holes and the oversize which was 
large in amount was returned and mixed with the large lumps of feed. This 
mixing of the large and small lumps is essential to jn-oduce the "choke'’ crushing. 
'J'he capacity of this system is 144 to 1(!8 tons of granite in 24 hours. The 
product contains less fines and fewer elongated or flattish lumps than where the 
breaker is set to crush to i inch in the ordinary way. 

§55. Mateiiial fou Whakinq Parts. —A glance at Tables 10, 11 and 20 
shows that chilled iron is by far the most eomnion metal used. The detailed 
statement is as follows: Spindle breakers—all use chilled iron. Dodge breakers 
—:i vise steel jaws and cheeks, 2 u.sc chilled iron jaws and cheeks. 2 use steel jaws 
and iron cheeks, 5 u.se steel jaws (cheeks not given). Hlake breakers—12 use 
steel jaws and cheeks. 12 vise iron jaws and cheeks, 9 use sl«4 jaws and iron cheeks, 
4 use steel jaws (chi'cks not stated), 48 use iron jaws (eheek.s not stated). 

Wills tI and 01, in 7'ahle 10 (Blake breakers) and Mill 20, in Talile 11 (Dodge 
breakers), show the snjieriority of manganese steel over chrome steel, hammered 
steel, cast steel and chilled iron. Mill 40 reports the same, without furnishing 
complete figures. Mill 02, in Table 10 (Blake breaker.s), shows more favorably 
for chilled iron as against chrome and maugane.se .steels. The ore is veiy hard 
to crush. 

Averaging uji the figures of gross cost of jaw plates from Table 10, we get the 
averages given in Table 28. 

TABLE 28.— COMPARATIVE WEAR OF METALS FOR JAW PLATE.S OF BT.AKE BREAKERS. 



Average 

of 

<}rON8 cost of 
nietai ^>er ton. 

Chrome steel. 


Cetite. 

1.48;iv 

Cast iroD (probably chilled). 


n.354 

Mauganese steel. 


u.ooat 

White iron. 

1 

1.58 

dulled iroD. 

10 

0.856 


* This figure ir unfavorably infiuencefi by one very high figure (Mill 62) which, when omitted, reduces 
the average to 0.879 cents. 

t This contains one very high figure (MIU 02) which if left out would reduce the average to 0.404 cents. 


The figures in Table 28 do not quite fairly represent the relative costs, for 
the following reasons: Mills crushing soft ores, as the Missouri limestones, are 
all given chilled east-iron jaw plates, while mills with a hard, tough ore to treat 
use one of the steels. If the applications were reversed, it is probable that costs 
given for the steels would be greatly reduced, and that for cliilleil cast iron pro¬ 
portionately increased. 

For jaw breakers. Gates Iron Works recommend manganese, ehrome or John¬ 
son steel for hard work; otherwise, chilled iron. Fraser & Chaimors recommend 
manganese and chrome steel for longest life and cheap repairs. T. A. Blake 
says that everything considered, chilled cast iron is most satisfaetory and eco¬ 
nomical, giving Ix'tter results than cast steel. For fine multiple jaw breakers, he 
uses best tool steel; for coarse mulliple jaw breakers, chilled iron. For large 
breakers, Blake recommends corrugated jaws; for small, smooth or plane jaws. 

For the qualities of the various metals, the reader is referred to the discussion 
given under rolls (§ 1(0), bearing in mind that the tendency of chilled iron to 
become pitted w'hen used for roll shells docs not affect it adversely for the wear¬ 
ing parts of breakers and that the quality of manganese steel, that it does not 
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$ 56 

fully return to its form after expansion by heat and work, will be no disad¬ 
vantage in jaw breakers, but may cause difficulty in spindle breakers. 

The higher priced metals have longer life than chilled cast iron and, in con¬ 
sequence, the charg(^ against changing the ])arts is reduced, as it occurs less often. 

§ 56. U.sn OF Watjsi!. —Water is sometimes fed to the rock breaker with the 
ore. The custom, by mills, is a.s follows: 

With water—16 Blake, 0 Dodge, 0 spindle. 

Without water—.19 Blake, 6 Dodge, II .spindle. 

The addition of water is made under two considerations: First, it is sometimes 
necessary to aild the water to the system to move the ore in the chutes, and if 
so, why not feed it in the breaker? .Secondly, cnisliing is hastenc'il and the 
production of slimes i.s lessened by ailding water to get the fines out of the way, 
particularly wJien the ores arc soft, muddy or talcose. For evample, in Mill 
87 the Blake lias water connections which are used onlv when laleo.se or soft 
ore is fed. Water [irevents jiacking of a breaker from clayey ores and for this 
reason a stream ot water from a 1-inch pi]ie is kept running into the breakers 
which treat soft ore in Mi.srouri. it i.s even .said that pouring a cup of water 
into a breaker clogged with cl.ayey ore will often start it. Water may also be 
used to lay dust in case of need. 

§57. liAiiOM vniisns Small BitnAKiiiis.—The tables show that, as a rule, the 
breakers arc run far below their capacity and for a few hours only out of tlie 
twenty-four. 

The advantages of a large breaker an- that it saves cost of sledging; that it 
will do its day's work in a short time and leave the attendant free for other work, 
thus saving lalior. The disadvantage is, that it costs more at the start and needs 
a larger engine, but it does not on that account consume more ]iower jier ton. 

§ 58. Es.sentiai,.s of a Good Bueaker.— Tt should be strong enough to resist 
the stres-es and heavy enough to work steadily. It should be of ample size to 
take the largest lump. Its action should be simple and its wearing parts accessi¬ 
ble and easily removed. Tliere must be no possibility of contact of oil with 
the ore. The 'jaw breakers need heavy fly-wheels. All breakers need a cheap 
breaking point. Sahlin''" for jaw breakers recomiiK'nds this to be the bolts which 
hold the I’ap of the pitman, whereas in the spindle breakers, it is a special break¬ 
ing pin connecting the driving pulley and fly-wheel with the driving shaft of the 
machine, 

§ 59. Cost of OuirsiriNG.—Estimates for the coat of crushing h.ave been pre- 
paied for different sizes of both jaw and spindle breakers, and are shown-in 
Tables 29 and 30. The basis for the estimates given on the jaw breakers is as 
follows: 

1. Sizes, caparities, powers and original costs are taken from the catalogue 
figures given in Table 5. 

2. Oil, costing 35 cents per gallon* is estimated to bn used at the rate of 1 
quart per 24 hours, on a ]3X,30-inch breaker, crushing 540 tons in 24 hours, 
TTie cost per ton is 35xj^540=0,016 cents. The cost per ton for a 4X]0-inch 
breaker, estimated to use J pint per 24 hours, crushing 84 tons is 35X^-f-84=: 
0.026 cents. The average of these two figures is 0.021 cents. 

3. Interest and Depreciation at 10% per annum.—For a 4X10-ineh breaker 
this would be $27.50 per year. On a basis of 308 operating days, 84 tons being 

$27 50 

crushed per day the cost per ton would bez„- 5 £^= 0.106 cents. Other sizes 

OUoXo-i 

are calculated in the same way. 


* Taken from catalogua of (iates Iron works. 
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4. Power is estimated to cost $40 per horse power per year of 308 days,* or 
$0.1898 per day. For a 4X 10-inch breaker, using 5 horse power and crushing 

84 tons per day, the cost per ton would be ^^'^'^'^ ^'-=0.773 cents. Other 

sizes are figured in like manner. 

5. Labor .—It is assumed that the breaker is fed by a sloping chute and can 
therefore be fed by one man at a cost of $8 per 13-hour shift, or $1 per 24 

hours. The cost per ton for a 4X10-inc]i breaker would be —4.703 cents. 

C. Wear is estimated at 0.815 cents per ton, whicli is the average of the gross 
cost per ton from 18 milks in Tables 10 and 14 (Blake and Dodge breakers). 

7. Repair.t olher than Wearing Parts .—The ina.vimuin figure given is that of 
$155 per year for Mill 34 (Table 9). This breaker treats 109 Ions per day or 

33,572 tons per year of 308 days, making the cost per ton:-T-^-or 0.462 cents. 


TABLE 39.— ESTIMATED COST OF CEUSIIINO IlY JAW URUAKEH. 


Size of mouth in inches . 

. 4x10 

7x10 

0x1.5 

10x90 

13x30 

Tods crustied in 24 hours .. ... 

. M 

120 

192 

800 

540 

Horsepower.. 

Cost of breaker. 

. 5 

K 

12 

20 

80 

. 2275 

tRKI 

$750 

$1,0.50 

$2,250 

Cost in cents per ton for oil. 


0.021 

0.021 

0 021 

0.021 

** ** ** interest and depreciation . 


0.185 

0.127 

0.114 

0.185 

** ** “ power . 

•* •* ** labor ... 

. 0 778 

0 H05 

0.811 

O.HO.'i 

0.721 


8.888 

2.088 

1.888 

0.741 

•* ** wear . 


0.815 

O.Kl.'S 

0.H15 

0.815 

** ** ** repairs . 


U.402 

U.402 

0.402 

0.462 

Total cost in cents per ton . 


5.031 

4.819 

3.010 

2.605 


The basis for the c.stimates given on spindle breakiTs is as follows: 

1. Sizes, rapacities and costs are taken from catalogue figures of dates breaker, 
given in Table 19. 

2. Power is estimated by Oates rule that it takes 1 horse power to crush 1 
ton per liour to 2J inches in size. 

3. Oil is estimated at 0.021 cents per ton, as with jaw breakers. 

4. Interest, power and labor arc calculated as in the other ease. 

6. Wear is estimated at 0.971 cents per ton, which is the average of the gross 
cost per ton from 5 mills in Table 26. Since so few qmdations are available 
the figures on both Gates and Comet breakers have been taken, although the 
latter average a little higher. 

6. Repairs other than Wearing Parts .—The maxirnnm figure given in Table 
25 is $200 per year, including oil, for Mill 26. Deducting $35 for oil, wo have 
$175 for repairs on a breaker which treated 28,363 tons of ore from January 5 

to July 6, 1896, as shown in Table 27. The cost per ton is---=0.308 ' 

(&o^»503X3 

cents. 


TABLE 30. —ESTIMATED COST OF 

Number of breaker. 

Size of moutb Id inchM... 

Tone cru^ed in 24 hours.... 

Horsepower.... 

Cost of breaker... 

Cost in ceahi per ton for oiL. 

** “ “ interest mid depresiation... 

M « 44 . 

*• ** •* repairs.! 

» 

Total cost in cents per ton...... 


CRUSHING BT SPINDU2 BREAKERS. 


C 

2 

4 

6 

4x30 

07'42 

8X.54 

11x79 

72 

210 

640 

1,060 

3 

9 

22 

45 

$.3r.‘> 

$760 

$1,800 

$3,300 


0.021 

0.021 

0.021 

0.021 

0.169 

0.114 

0.108 

0.090 

0.541 

0.541 

0 541 

0.641 

6.5.56 

1.852 

0.741 

0.870 

0.971 

0.971 

0 971 

0.971 

0.808 

0.808 

0.808 

0.806 

7.560 

8.807 

2.678 

2.810 


2.000 


• Kent's *'Mech. Eng. Pocketbook/' p. .790. 
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§ 60 


The two tables are not intended to cover all cases of crushing—^in fact, such 
a thing is impossible—but rather to show the way the calculation of the various 
items should be made under various conditions. For example, these figures 
are based upon one man to attend the breaker, while it is not unconunon to re¬ 
quire two or even three men. Thus, at Mill 24 a i) XI 5-inch Blake requires 
four feeders in 24 hours to crush 109 tons of ore. The men are paid $1.30 each, 
or a total of $5.20, which is equivalent to 4.77 cents per ton. Substituting this 
figure for the 2.083 cents given in Table 29 we get 7.006 cents as the estimated 
total cost of crushing in that mill. 

These tables are also based upon 24 hours per day, whereas ihe usual custom 
is to run 10 hours or less per day. This change, howeviir, would not greatly affect 
the computations. It should be borne in mind that .the.se figures cover merely 
the act of feeding and crushing, without regard to the cost of elevating and 
screening, which must be added in figuring for a complete crushing plant. 

It is noticeable that the larger the breaker, tli(> lower is the cost per ton given 
in the tables, principally owing to the lower cost for labor. The following quota¬ 
tions show actual costs of cru.shing in different localities: 

At the plant of the Minnesota Iron Oo.'-"’ 110,447 tons of hard hematite were 
crushed during three months, ending January 1, 1895. Of this perhaps 60% 
actually needed crushing. The cost was as follows: 


Bupplit^... $5,025.00 4.54 cents per ton. 

Otheraccoimts. 5,718.47 8 36 centH per ton. 

Total. $8,743.47 7.90 cents per ton. 


The plant consisted of three Blake breakers each with a mouth 28X30 inches 
and driven by a 14X26-inch Bcynolds Corliss engine of 125 horse power. 

(lates Iron Works give a rough figure for getting a ton of road metal through 
2.^ itieh r.ng sized further on 2, 1^ and 1 inch screens: 


Cost of qua-rying...20 cents to 50 cents. 

Cost of crushing, including hauling up, dumping, crush¬ 
ing, elevating and sizing.10 cents to 40 cents. 

Totals .30 cents to 90 cents. 


At the Atlantic mill," J. Birkinbine states that the cost of transporting to 
rock house, picking poor rock and crushing the copper rock is less than 7 cents 
per ton. 

A quotation on cost of crushing by the Monarch breaker has been given at 23 
cents per ton. (See g 18.) 

E. 1). Peters, Jr.,^" deducing an average from handling large amounts under 
varying conditions, gives the following estimate of cost for a plant of 200 tons 
capacity in 10 hours: 


_ _ , . Per shift. 

Power Pc-.- day of ten hours, at 1 c«it per ton.. $9.00 

lAbor. Four laborers at $8.00. 13.00 

Bepairs. Tofrgles, Jaw platm, etc... $0.85 

Wear of toots, babbitt, etc.75 

^>7 sUf^ht repairs on machinerj.80 

Hlscellaoeous Items, sampling, etc. 76 

Total repairs. $.16 

Siiikiag fund (10 per cent per year on original cost)...... 1.40 

. $18.55 


Per ton. 
$0.0100 
0.0600 


0.0167 

o.otno 


$0.0987 


Comparison op Jaw and Spindle Breakers will be made along the follow¬ 
ing lines: 

§ 60. (a) Number Used .—The Blake breaker of the pitman pattern with 
solid cast-iron frame, is the old standard breaker of the country, while the Gates, 
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Comet and McCully arc more recent. The latter are, however, growing in favor 
on account of their great capacity. Tables 9, 13 and 25 show that fifty-two of 
the mills use tlu; Hlake, five use the Dodge and eleven usi^ tlu; spindle type. 

§ 61. (h) Principle of Action. —1’he si)indle l)reaker aet.s upon large elongated 
lumps on the ])rinciple of a beam sii|)ported at the 
emis and load(‘d in flic middle (see Fig. 35), saving 
power thereby. I'his is true of the large lumps, but 
in regard to the small lunij)s that are down near the 
throat, the curvature of the space is too little with 
reference to the length of the lump for this prin- 
eij)le to effect any appreciable residt. The jaw 
breaker has larg(' corrugations on its jaws which are 
urraTiged alternately, and in conse(|ueMce the elon¬ 
gated lum[is near the throat are treated on the beam 
principle, t(‘nding toward the formation of cubical 
forms. The spindh! breaker has this aclion of the 

FIG. 35. —^ACTION OF corrugations on the small lumps only to a slight 

GATKK BitEAKEB. o.vtent since its <-orrugations are viwy small or else 

there are none at all. 

§ 62. (f) Ta/ier .—The tajier or decrease of width between the shoe and die 
per foot of depth must be small enough to hold llii' I'oek w<'ll and jirevent it 
from snap|)ing out. At the same time the h’ss the taper the deeper must he the 
jaw’ in order to effect a given rc<luetion, and the deeper the jaw the gn'ater the 
movennuit at the end which has the greatest movement and the greater the 
liability lo pack. The action of the jaw breakers is such that they must have 
less taper than spindle breakers. The ordinary ta])er for Cates bn'akers is -1^ 
inches per foot, but it is found that 5 inches on a Cates is as good as f.l on a 
Blake. 

§ 63. (iJ) Pormr. Capacity and Weight. —'I’lie only complete set of 

figures that is available is the commercial statements given in tin* tables under 
the machines. Those adopted by the Farnd Foundry and by the Cates Iron 
Works, are eom])ared in Table 31. It is obvious that too much weight should 
not be placed upon this comparison. 



table’ 31. —COMPAKISON OF BLAKE AND OATES CATALOGOE FIOUBES. 



From the table we find the two smaller sizes of Blake weigh more (111 and 
144%), cost less (69 and 81%), and crush about the same quantity, employing 
about the same lio^pe pow'er to drive them. The three larger sizes of Blake 
weigh less (61, 57 and 56%), cost less (42, 37.5 and 41%), require less power 
(40, 24 and 27%) and crush less rock (46, 40 and 40%). In all five sizes the 
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§ 63 

B]ake has less width of jaw for the same gape (33, 48, 33, 33 and 89%). The 
power and eapaeity given for the two smaller machines are unjinst to the Blake, 
for that machine is erinshing to 8 inches diameter, while the (fates is crushing 
to 8J inches. Th(“ power and capacity given for tin' three large sizes are unfair 
to both machines; to the Jilake because a 15-ineh gape is compared with a 14-inch 
and a 80-inch ga]ie with an 18-ineh; ami on the other hand, to the tJates, because 
the Blake is crushing to 3| inches diameter and 5 inches diameter, while the 
Gates is crushing to 8^ inches diameter. 

,-\ good rule to j-emember is that a machine of either class uses on the average 
about 1 horse power for every ton of rock crushed per hour to 8^ inches in size. 

The (iates Iron Works have made tests of the Gales breaker and a Jtlako type 
of breaker manufactured tiy them. 1’lie rock used was a hard, close-grained 
granite with a comiiressive strength of about 30,000 pounds per square inch. 
It wa.s in luuijis as large as the machines would take. The results are given 
in Table 38. 

TAJII.E 33.— COMrABATIVl! TESTS OF SFINDLE AND JAW BREAKERS. 



Abbi'oviations.- 

-H. 

P.—horso 

powt^r; In - 

hicIiuH; Jabs .—pounds: Min =iniijiitfM. 


1 




Ih'votii 









N 



tioiiB 







Ridatlvtt 

Kind of 
Maebino. 

(7j 

A 

s 

Width of 
Tlii'out. 

l£' 

of 

l>rivin*f 

Pulloy 

Kind of 
Shoo. 

Kind of 
lUe. 

Mate¬ 

rial 

Time 

equlre 

Cnpao- 
ity per 
Hour. 

Net 
Power! 
Used. I 

Work 
Used in 
Crush* 





per 







tog. 





MinntKn) 




1 ^ 



GntoK, No 0. 

III 

In. 

III 




Id»s. ! 

Min 

Lhs 

IJ.P. 


4 X 3.3 

I,"a to I 


noo 

Corriiffatedi 

' “ 1 

Smooth. 

i.noo 1 


18,000 

5.2 

100 

J^lake . 

4x 1(1 

i,yo) 


3r.o 

C<H ruKai(*d 

1.000 j 


11,300 

8.1 

187 

(Jak*s, No 3 

; *.(s 

IJijtol 

fa 

45(1 

1 “ ‘ 

Smooth 

, 3.(KKV 1 


, 45.000 

21.7 

100 

Hlttkt* . 

7x 1(1 

|(:| (O 

h 

350 

i 

Oornijfatod 

2,(KI0 1 


1 18,100 

1 12.45 

144 


(a) To tlu‘ rovolntion'4 »)f tin* spindlo in the (iates machine divide by 2}^. 


The “?\'et Power" was obtained by siihtraeting tlie jiower used in running 
empty from the total ])ower used in crushing. The “Itelative Work (fsed in 
Grushing exprissch tlie ratio of the product of the time by the net power used. 
Sizing tests of the jnoducts are given in 'I'able 33. 


TABl.E 33. -SIZING TE.STS OF eKODlICTS OF SI'INDI.E AND JAW BREAKERS. 



(Utos (4xaH) 

Blake (4x10). 

Oates (7x46). 

Btako(7xl0). 

On 2^.inch. 

S.0% 

7.0* 

S.U* 


Through 314 on 2-inch .. 

5.8 

10.0 

17.5 

28.0 

;; “ iH " ••• 

24.2 

2.8.0 

27.0 

21.1 


35.0 

28.2 

20.8 

17.8 

“ > •'. 

9.9 

6.4 

6.7 

4.8 


8.4 

9.9 

7.3 

7.9 

w “ «. 

6.8 

8.7 

9.0 

8.2 

H * . “. 

8.2 

4.5 

2.7 

4.1 

” ^mch. 

4.7 

7.8 

4.0 

6.6 


100.0* 

100.0* 

100.0* 

100.0* 


The Sizing tests show that the extra work put into the Blake has made itself 
evident in the increased amount of fine material. The author has given these 
tests as the best reliable data of what the machines will do, rather than to laud the 
merits of any particular breaker, and in studying them for comparison, the reader 
shouhi bcM in mind that while they appear to favor the Gates breaker, the Blake 
was handicapped by its small size, low capacity, and the smaller width of throat 
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§ 64 

The author believes that for comparative tests the capacities should be more 
nearly equal and tlic tests should bo continued over a greater length of time. 
In a lest given by Bilharz,* the results aj)pear to bo favorable to the Blake breaker 
over the Gates. 

§ ()4. (e) Size and Shape of Mouth. —The gyrating spindle breaker in its 
annular crushing mouth has a much wider opening around tlie circle and, there¬ 
fore, a much greater surface acting per revolution, than that of (he jaw breaker 
with tlic same gape of opening, tliat is to say, receiving (lie same size of stone. 
The advantageous ellect of this, however, is reduecal by tlie fact that tlie number 
of gyrations per ndnute of the si)indle breakers is less tluin tlu^ revolutions of 
the jaw breakers. On small machines the jaw breakers have a small area of 
mouth, wliile the spindle breakers, with the sann? gape, have a mueli larger area, 
owing to their annular forin and are mueli heavier and cost jiiore. This makes 
jaw breakers eommendable for small mills. 

§65. (/') Dinlribalion af the Crushing in the Mill. —Where centralization of 
the rock breaking at one sjiot is desirable, (lie large spindle breakers appear to 
have the advantage. Init where the process is better carried out by having the 
rock breaking located at several points, this advantage disap]>ears. 

At Mine 4-1, there are elevcm shafts each with a yiX3(>-incli Itlake, breaking 
to 12 inches and an IHXoq-im.li Blake, breaking to 3 iiiehes. These are accom¬ 
panied by grizzlies and hand i)]eking of nugget copper. One largo spindle 
breaker w'ould be out of the question here, because the graded crushing is needed 
to hel]> the hand picking of the nuggets a?id two large spindle breakers instead 
of the two Blake.« would probably not be so economical. 

§66. (g) Ihuining Voxt. —4'he Tables 2!) and 30, showing the estimated eo.st 
of crushing, hear out the commonly aeee])led idea that for small breakers the 
jaw pattern has the advantage, while for large hrenkers the sjnndle jiattern has 
the advantage. 'Phis is, of course, mainly due to the largi' hoppers which can 
he used with the large s])indle breakers and which economize labor. 

It is inlen'sling to note that the figure representing the average eo.st p('r ton 
for wearing parts of jaw hnaikers is eonsiderahly below that for s])indle breakers. 
Whether this is a rule or merely a re.sult of chance, the author is unable to 
decide without further tests and figures. 

The advantage of the large spindle machines is illustraled by the experience 
at the (^aledonia Alill,'*’ where a Mo. 6 Gates breaker, tended by one man, crushes 
SIO tons of ore in 10 hours. Three iVo. b Blakes formerly reipiired 90 hours and 
5 men to do the same work. Tin" Gates uses about the same horse power as the 
3 Blakes. The saving made by the change was .$37 per d.ay. 

In regard to repairs, the jaw breakc-r would sec'm to be much easier of access. 
The spindle breaker would probably cause fewer repairs on the building and 
foundation, as it runs with less vibration than a jaw breaker. It is for this 
reasson that it can he placed higher up in the mill and on a lighter foundation. 

§ 67. (h) Fine Crnxhing. —The claim that the spindle breaker can cru.sh finer 
than the jaw breaker for the same gape is logical. The creeping of the crusher 
head upon the dies or concaves will prevent packing by constantly opposing new 
surfaces to each other, while the limit to fine crushing with the jaw breaker is 
its packing. 

§ 68. (t) Friction .—In comparing the two breakers as to the friction of the 
mechanism, wo have in the spindle breaker great journal friction on the driving 
pinion bearing, and upon the two gear huh journals. We also have the friction 
of the pair of bevel gears. On the other hand in the jaw breaker we have great 
journal friction'divided between (he two boxes of the driving shaft, great journal 
friction on the eccentric and the friction of the toggles. No data exist for giving 
values to these quantities. Tabulated for comparison they are: 
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Blake. 

Driving support joTirnal friction, j ^nga. f 

Eccentric journal friction. j } 

Driven support journal friction. Swing jaw pivot. 
Transmitting friction. Toggle sockets. 


Gates. 

The pinion pillow blocks. 

The spindle eccentric in¬ 
ner hub journal friction. 
Outer hub journal fric¬ 
tion, step and top journal. 
Gear teeth friction. 


§69. (j) Contmuuus Compared wUli hdermitlevt Aefion .—Spindle breakers 
are contiiiuoii.^; that i.«, they arc working all the time. Jaw breakers are inter¬ 
mittent; that is to .say, they are working a little less than half the time. To make 
this eonijiarison eoni|ilete. Iiowever, we must inlroduec the amount of surface 
being u.scd for crushing. The complete statement will therefore be: The jaw 
breaker is crushing with its whole surface for nearly half the time. The spindle 
breaker is ernshing witli nearly half it.s surface all the lime. The word “nearly” 
means identically the same thing in both cases, and cuts off a little time in the 
former case and a little sui'faec in the latter while the grain.“ are coming to a 
bearing. 

The eoiilimions action of the s|iindl(‘ breaker is undouhli'dly a mechanical 
advantage to the credit of the maeliine, in that uniform transmission of energy 
is more economical than intermittent. 

'J’hc intermittent machine bring.s in the element of stored energy which is 
olitaiimd hy the heavy lly-wheels and high speed. 1’he higher the speed, the 
greater the stored energy, and the les.s the variation in sjiei'd and consequently 
the less the throb which is sent hack through the hells to the engine. If a 
Blake hieaker is slowed down while it is crushing, its lowest limit of speed will 
be passed and the machine will sto|i, because the aceunmlaled energy does not 
add enongl to the tran.smitted energy to cru.sh the rock. Keasoning the other 
way, the faster the machine revolves, the greater is the ratio of the accumulated 
tn the transmitted energy. This ratio ap])roaehes, but never reaches, equality. 
This would indicate that the faster a Blake breaker runs, the better and more 
economical it will be up to the mechanical limit that is possihle. This is shown 
as follows: If a hnaiker crushes 810 tons in 84 hours, this at (iO revolutions per 
mhiule would bo .‘i.S pounds per revolution, while at JOO rovidutiolis it w’ould be 
1.1 pounds per revolution. That is, the variation in the power consumed from 
instant to instant and in the speed is less in the latter than the former case. 

LOG WASHERS, WASH TROMMELS AND HYDRAULIC GIANTS. 

§ 70. Log washers and wa.sh troimmds are disintegrators of clayey ores, and 
therefore desev.mention in this chapter. Since, however, their chi(>f duty is 
separation of fine material from coarse, they arc described in Cliapter VIIl. 
The usual purpose of hydraidio giants is tn disintegrate ore in place, but the 
author has treated them in Chapter VIII, § 366. 
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breaker, lever pattern, working on the lilake principle, and the line breaker work¬ 
ing on the Dodge principle. 
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Dcut. Topf. u. Xeiffl. Zeit., (1891), No. 41. 

Vingirr’s Bolfft. ./our Vol. 198, (1870). p. 196. No author. Description of Cam- 
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^*"brcaker *^*^^**’ author. Descrijition of the improved Marsden 
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bre.'ker. with engine eoniiected. This is a Blake machine with a Split jaw, one 
half advancjii^ while the »»ther half is receding?. ^ ^ 
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necting rod, which is given a horizontal reciprocating motion by an eccentric. This 
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106. Ibid., Vol. XXXV., (1883), p. 300. No author. Result of comparative tests on 

capacities of Gates .uid Blake break(‘rs. 

107. Ibid., Vol. XXXVI.. (1883), p. 147. No author. Description of Comet breaker. 

108. Ibid., Vol. XXXVII., (18S4), p. 43. No author. Description of Buchanan breaker, 
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109. [bid., Vol XXXVUl.. ‘(1884), p. 188. T. A. Blake. 8ame as A. I. if. E., XIII., 

p. 210. 

110. /bid., Vol. XXXIX., (1885), p. 171. No author. Description of a multiple jaw 
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111. Ibid., p. 295. K. l>. l*eters. Jr. Comparison of hand versus machine breaking with 

regard to amounts of lines produced. Itemized estimate of cost of crushing by 
breakers. 

112. Ibid., p. 297. No author. Description of Griffiths’ New rock breaker. Dies are in 

th(* shape of a tiough, while tlu; shoe lias a cylindrical CfUTugated surface on the 
bottom and grinds the ore by a backw.ird and foiward rotation. 

113. Ibid-, Vol. XL-. (1885), pp. 2.‘i7, 303, 350 and 382. S. K. Kroin and T. A. Blake. Im- 

jirovcmcnts in breakers claimed to have been made by Kroiii, and discussion con¬ 
cerning the same. 

114. Ibid.. \ ol. Xld.. (1880), p. 213. No author. Description and rapacity of the 

Bicnnan ro<'- breaker, a machine of the Blake type with toggles above the eccentric. 

115. /bid., \ol. XLMI.. (1887), p. 96. No author. Description of the Ijancaster rock 

breaker, a machine acting somewhat like the Blake, but having a grinding as well 
as a cni.shing action. 

116. Ibid, Vo!. XLVl., (1888), p. 370. T. A. Blake. Details of Blake breakers in the 

crushing plant of tlie Chatcaugay Ore and Iron Co. 

117. Ibid., Vol. LI., (1891), p. 87. No author. Description and capacity of the Buchanan 

granulator, a fine breaker which has its movable jaw pivot<*d below and its toggles 
above the eccentric. Its movable jaw is split in halves so that one half is advanc¬ 
ing while tlie other is recoding. 

118. /bid., Vol. LIl., (1891), p. 638. No author. Description of the Lowry spindle. 

breaker. 

119. Ibid., Vol, LV.. (1893). p. 323. No author. Description, Capacity and purpose of 

the Buchanan granulator. 

120. Ibid., p. 581. No author. Descriptirn and capacity of the American rock breaker. 

The upper end of the movable jaw is driven direct by an eccentric, the lower is 
supported on a toggle. This gives both a crushing and a grinding action. 

121. Ibid., Vol. LVl., (1893), p. 100. R. A. Hadfield. Same as A. /. M. E., XXIIL, 

p. 171. 

122. Ibid., p. 31.5. No author. Description and capacity of the McCully breaker. 

123. Ibid., Vol. LVII,, (1894), p. 273. No author. Description of Blake type of breaker, 

made by I’arrel Foundry and Machine Co. 

124. Ibid., Vol. LX., (1895), p. 470. No author. Description and capacity of the New 

Comet breaker. 

125. Ibid., Vol. LXI., (1896), p. 161. No author. Deacript .m and capacity of the Taylor 

hand rock breaker for samples, in which the movable jaw has greater motion 
upon the larger than upon the smaller lumps. 

126. Inst, Civ, Eng., Vol. CVTII., (1892), p. 100. A. H. Curtis. Description, power and 

capacity of Blake (pitman) and the Gates and Comet breakers. Description 
of the Dodge and the Marsden (lever) breakers. 

127. Ibid., p. 167. J. P. Ogle. Advocates a fine jaw breaker. 

128. Ibid., p. 170. W. Beaumont. Description of Cole’s stone breaker. 
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129. Ihid., p. 178. M. Bellom. DeBcriptions, details, power and capacity of Schran* 

breaker. 

130. Ihid., p. 170. K. Bolton. Description of Lancaster breaker. 

131. Ibid., p. 182. R. J‘i. Coinnians. Advuntaf(es of Schranz breaker. 

132. Ibid., p. 186. R. A. lladficld. Comparison between ordinary steel and manganese 

steel for jaw plates. 

133. Iron Affc, Vo!. Li., (J803), p. 12. No author. Deseription of the Ix)wry breaker, 

134. Iran Htrcl /a.s7.. (1884), l*art IL, p. 004. T. A. Hlakc. Outline of Blake system 

of fine crushing. 

135. Ibid., (1885), Part II., p. 705. B. R. Krom. Abstract from A. I. M. E., XIV., p. 

497. 

136. L. Euprrior Min. Inst., Vol. HI., (1895), p. 93. H. J. Wessinger. Cost of crushing 

hard hematite at the Minnesota Iron mine. 

137. Mrch. Maq., Vol. XCHL, p. 8. 

138. Ibid,, Vol. XriV., p. 457. 

139. Min. dour., Vol. XLI.. (1871), p. 58. J. Darlington. General article on breakers. 

Compari.son.M with hand breaking. Few figures on capacity. Description, power 
ami capacity of a machine which has ila jaws moved by hydraulic power. 

140. Ibid., p. 275. E. G. S])ilsbury. Descrijdioii of Dodge breaker. 

141. Ibid.f Vol. XUI.. (1872), j>. 905. No author. Descrijition of the Marsden (Blake 

typi') hreak<-r witli engine eonnected. 

142. Ibid., Vol. XLllI., (1873), p. 189. No author. Menlitm of a double-acting breaker. 

143. Ibid., p. 549. No author. Descrijition. eajmeity and j>ower of Blake breaker. 

144. Ibid., p. 032. No author. Description, capacity and jiower of Blake-Marsden 

breaker. 

145. Ibid., V<d. XIA'., (1875), p. 1101. No author. Description and capacity of Mars¬ 

den’s breaker. 

146. Min. N'oe. A'. N'rofiff, Vol. I.. Part II., (1892), p. 35. J. 3^. Hardman. Details of 

Forster breaker as used in Oldham ami Wuverly mills, and itf» ad\anlages over 
other foiius. 

147. Min. t(- Sri. Eirss. V'ol. XLIX., (1884), Oct. 18. No author. Description of Brodie 

breaker, in whicli the movable jaw rises when rei*<*ding and falls wlien approaching 
the fixed jaw, thus causing pressure and grinding. 

148. Ibid., Vol. LXII., {18JH), p. 210. No author. Short description of Dodge breaker 

and pin plates. 

149. Ibid., Vol. j.XIV., (1892), p. 185. No author. Description of the Booth breaker 

of the Blake type, and of the Booth Combination breaker, wliicb is jiractically 
a Blake breaker set over a Ihalge. 

150. Ibid., A'ol. LXV., (1892), p. 41. No author. Deseription and capacity of the 

(Vnnet breaker. 

151. Ibid., Vol. JwXIX., (1894), p. 193. No author. Deseription of Ijowry breaker. 

152. Ibid., p. 337. No author. Capacity and applicability of Gates breaker. 

153. Iron, Vol. VI. (1875), p. 101. No author. Description of the Blake-Marsden 

breaker. 

154. Ibid., Vol. VIT., (1876). p- 72. No author. Deseription and capacity of Marsden 

breaker with engine connected. 

155. Ibid., p. 260. No author. Deseription, capacity and power of the Excidsior stone 

breaker, which acts on the Blake principle through an eccentric, connecting rod, 
lever ami toggle. 

156. Ibid., J). 548. No author. Description of Archer’s stone breaker, which acts on 

the Blake principle through a cam and a lever. 

157. Ibid., Vol. X.. (1877), p. tW8. No author. Description of Marsden breaker with 

engine attached. 

158. Ibid., V’ol. XXL, (1883), p. 58. No author. Deseription of Marsden’s fine breaker 
169. Ibid., Vol. XXIV., (1884). p. 58, No author. Description of Baxter’s fine breaker, 

in which the movable jaw moves up and down in front of a roll. 

160. Earth Eng. Inst. Min. & Idveh, Eng., Vol. XLIl., (1892-3), p. 87. A. G. Charleton. 

General article describing several breakers, giving comparison with hand breaking 
and oapaeity, power, <x)st. etc. 

161. Oest. Zeif., Vol. XXXVI., (1888), p. 201. K. Barth. liescription of Blake, of 

Blake multiple jaw*, and of Krom’s improved breakers. 

162. Ibid., pp. 247-248. K. von Reytt. Results of test showing capacity, power and 

sizing tests for jawt, breaker. 

163. Pmet. Merh. dntir.. Ill5. 263. 

164. Prod. Gold dc Silver in U. S., (1880;, p. 346. W. A. Skidmore, Description of 

Dodge breaker. 
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Bev. dea Mines, Series III., Vol. XVIII., (1892), p. 266. Aug. Gillon. Description 
of several types of breaker at Kxpoaition Universelle of 1889. 

Ibid., Vol. XXI., (1893), p. 290. L. Demaret. Advantages of mechanical crushing 
over breaking by hand. ® 

Sch Minra ynarl.. Vol. XIV., (1892), p. 226. M, Bellom. Same as Ann. dea 
Mines, Vol. XX., (1891), p. 7. 
ffei. Amcriean, V'ol. XXIV., p. 83. 

Ibid., Vol. XLVl., pp. 143, 147. 

Stahl «. Sisen, Vol. Ill (188,1) , p. 372. No author. Description of Baxter breaker, 
winch IS similar to the Blake. 

Ibid., Vol XL, (1891), p. 329 No author. Description of Cole's breaker, which 
IS practically two Blake breakers, one above the other 

'ai-i "’"Hiple jaw breaker. 

|). ^o autlior. Pniinples of Ibjehnnan breaker. 

^^IhV. iV **.^*’~*- [’• «h‘hor. Principle of Taft breaker, in which 

lh( inoiable .|aw is pivoted above and driven by an elliptical cam. 

The himiHeei; \„\. \XXV., ( 1873), p. HO. No author. Description of Blake 
breaker, with portable engine connected. ^ 

Ibid., p. i;,r,. No aiilhor Description and capacity of Cole's stone breaker, which 
one oVeaTlf'^ide "" ■lud two li.xcd jaws. 

Ibid Vol. XXXVl., (1873), p. 1,12. No author. Description of Hope's stone 
bleaker, in which the jaw is pivoted above and is driven through aii eccentric 
ffT; jo")"'* K- s"l'l’''"d with a patent cubing^ jaw, 

fhn/., p. „(l No author. Dcsciiplion of a stone breaker of the Dodge tvpc 

/.,it. Itenj. It nil. u. Sntiiini.ireani. \ ol. XXVI., (1878), p. J3(l. E. Althans Dcscrin- 

Alihui' break,' t.''"' description of Marsden and 

2(i,t. No author. Short de.scription and capacity of 


Iiiid.. Vol. XX.Wb, ( 1887), p 
Seliranz breaker. 

Ibid, Vol. XI.II.. (18941, p 
which IS of the Dodge tyjic. 

Zeil. (/,«/. In;/. I er., (1871), ... 

Ibid. p. 249. Description of Cmlnian breaker. 
Zrit. I'tr. I>eut. lug., (1885), n. 117. 

/bid., p. 476. ^ 


2.11. No author. Description of Bnrtsch breaker, 
p. 109. Description of Camroux breaker. 



CHAPTER III. 

BOLLS. 


Final Onnsni.vG. —('liaptcrs III. to VI. inclusive, deal with Rolls, Steam 
Stamps, Pneumatie Stiinii).s, Spring Stam]).s, Oravity Stamps and tirinders. 
Many of these maehine.s are used not only for liual crushing but also for au-xiliary 
crushing. 

§ 71. PitiNCirLEs A.Mi PriifosE OP Rolls.— (hushing rolls consist of two iron 
cylinders /LI, (Fig. iit>), revolving upon tlu' shafts Uli in the direction of the 

ari'ows and acting iijion the lump of ore on 
(he jiriiu’iple of the toggle joint. The revolving 
ndls being held in jiosition in (heir journals, 
act radially upon the lump, gradually drawing 
it toward the narrowest sjiaee between them, and 
finally breaking it by virtue of a eoin])ressive 
force .superior to the breaking strength of the 
lump. The ore is therefore bi'oken by compres¬ 
sion. 

FIG. 36.— riiiNCirLE op uolls. 'I’hese inachinos receive ore from the rock 

breakers or middlings from (he jigs and crush 
to sizes that are suitable for severing the rich minerals from the waiste 
preparatory to the washing machines. Since they act on the prineijik' of crush¬ 
ing by direct pressure and since, when they arc set to crush to any jiarticular 
size, the particles smaller than that size can tumble through without being further 
crushed, rolls yield a very small pi'rcentage of tines, and are therefore especially 
adapted to crushing galena, chalcoiyrite, blende and all the soft brittle ores, 
producing from them the minimum amount of flne.s.' 

Rolls when crushing malleable substance.s, as, for instance, native copper, native 
silver, etc., or hornsilver and minerals of like characler, may either help or hinder 
the dressing. Throe examples of this are given. (1) The flattening of grains 
which are malleable, while the brittle rock is broken to a .smaller size, may be 
made a direct means of concentiation by screening out the flattened cakes from 
the finely broken rock. (S) On the other hand in crushing native copper rock 
by rolls it is found that copper is liberated from its rock in leavi's. flakes and thin 
arborescent forms, wholly unsuited to jigging, causing great waste in the tailings. 
(3) Tn crushing native gold ore by rolls the gold fails to he brightened pre¬ 
paratory to freo amalgamation, the thin flakes fail to tie broken up preparatory 
to concentration, and finally it is difficu't to reduce the ore to a sufficiently fine 
state of division to liberate the gold. Rolls therefore do not find favor for crush¬ 
ing gold ores pieparat. ry to amalgamation. 

While this machine depends upon simple principles, it has reached a posi¬ 
tion of such importance in concentration thal every piece of metal entering into 
its construction and every principle controlling its action has been the subject 
of much study. These parts and principles will now be considered. 

8 72. Classifioatton.—I n the fir.st place, a classification is here attempted 
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in the hope of bringing to light any fruits of natural selection resulting from 
the empirical method which has been gencirally employed in developing this class 
of mill machinery. Rolls may be divided into four classes according to the 
work they have to do. 

I. Rolls which crush the Product of a Breaker. —The coarsest product going 
to the rolls of this cla.ss contains grains ranging from (i.S.5 jiim. to 0; the finest, 
grains from 13.7 mm. to 0. Perhaps the most common contains grains ranging 
from 38.3 iflm. to 0. These products are not sized but the rolls take the eoaise 
and fine materials as they come. 

II. Bolls which crush the Oversize of a Coarse Trommel Fed by a Breaker .— 
The coarsest product fed to these rolls contains grains iwiging from 63.5 mm. to 
8 mni.; the finest, grains ranging from 8 mm. to 3.6 mm. 'f’he fine stuff in all 
ca.ses has been sifted out. 

III. Rolls which crush the Product of a Preceding Pair of Rolls from which 
the Fines may or may not have been removed. —These are generally called the 
No. 3 rolls in a mill. 'I'be distinctive feature of the feed is that wliile its largest 
size of grain may range from 30 to 60 mm. in diameter, it has only a few scatter¬ 
ing grains of that size. The most of its grains are smaller. 

IV. Rolls that are crushing Jig Middlings. —The feed of these rolls runs as 
high as to inm. and as low as 4 mm. for its maximum size, and in many instances 
it has some admi.\ture of very fine grains. This product is generally a difficult 
one to crush, as it coidaiiis the liardest grains of gangue, and the freeing of 
included grains by these rolls is much less ])erfect than with the others, because 
the most friable grains were mostly freed by the earlier crushing. 

'I'able 3J gives the feed and the product, us well as some of the dimensions and 
caj)aciti('s obtained from rolls in the milks visited by the author. It also shows 
the class to which they belong. 

g 73. M.v.ximum Size ok Feed to Eolt.s.—B y inspecting Table 34 we see 
that while (i3.5 mm. or 3..5 inches is a maximum fowl to rolls, they are rarely 
fed with himps larger than 38.1 mm. or 1.5 inches; and that while it is common 
to feed fine dust to rolls because it is easier to do so than to sift it out before 
feeding, only one instance occurs of feeding anything finer than 3.13 mm. or 
0.083 inch diameter wntb the intention of furtlier reducing its size, and that 
is in Mill 31, where the middlings of the jig treating the product from the third 
spigot of a hydrai'lic classifier, which is fed with 3 j mm. to 0 grains, arc sent 
to rolls. This product is probably as fine as 1 mm. in dia7neter. 

§ 74. General CoNSTKUCTiON.--(See Figs. 48 to 53.) The chief parts which 
enter into the construction of a pair of roils are a pair of shafts upon which 
are usually mounted permancTit cores of soft cast iron carrying shells of hard 
iron, which constitute the crushing surfaces. These two shafts are of two kinds, 
one revolves in fi.xed, .’he other in movable boxes. The movable are held up 
toward the fixed boxes by powerful springs or by levers and weights, tho degree 
of approach being i-egulaled by shims between the boxes or by compression bolts. 
All the boxes, springs and shims rest upon a strong east-iron frame. The 
springs are held up to their work by strong bolts or by the tensile strength of 
the frame. The .shafts are driven by gears and pulleys or directly by pulleys. 

g 75. Frames. —Tho working parts of rolls are placed upon frames of east 
iron. These may bo either two separate parts, the one carrying the two boxes 
at one end of the roll shafts, tho other carrying the ocher twm boxes, as in Fig. 
49cf; or the two frames may be united by two pieces across the ends, in whiS 
ease the four parts are all made into one casting, as in Fig. 49c. This latter 
construction is much to be preferred, since the settling of the mill building will 
not disturb tho alignment of the shafts and boxes. The former, sectional, form 
is preferable where transportation is made on mule back. 
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§ 75 


TABLE 34.—GENEEAL TABLE OF ROLL DATA FROM THE MILLS. 


Abbrevlfttions.—l?l s=Riake breaker; Cap. = Capacity; Est.^rEsrimated; G.srGates breaker; gr.=griEzly; 
b.shoure; In.cloches; J. M..= Jig middlings; L.s:Lowry breaker; mag.—magnetic; max.^^maximum; mid.= 
middlings; Ov.=oversi2e; (S.)=ssectlonal: Tb.=:through; Nn.=number; tr.=.troinm«l. 




read. 

Product to. 

II 

a> . 

ao 

CO ^ 

Biameter. In. 

Face Width. In 

1. 

"2 

0 

11 

If 

a 

V 

.k 

9-6 

£ 9 

0 & 

teg* 

Cap. (lei* 
24 h. 
Tons, 
(a) 


Actual 

M 

« 


s 

1 


Hand jig. 

H 

12 

14 

100 


.50 

130 

I 

10 

1 

Th. Bl., % in . on No. 1 tr., ^ in. 

No. 1 trominel, U in. 

Close. 

22 

14 

22 


800 


II 


2 

Jig niiddlitigs through yi in. 

No. 1 trommel. ^ in. 

Close. 

18 

14 

22 




IV 













15 

1 

Through Blake. 1 in. 

No. 1 trommel, 0.487 in. 

H 

22 

14 

42 


40 


I 













16 

1 

\l» 

No. 1 tr.,80, ]0.0!nm tS.) 

(.’lose. 

16 

14 

75 


60 

70 

I. IV 

17 

1 

(<•) 

No. 1 trommel, 15 mm. 

Close 

20 

14 

90 


45 

50 

11, IV 

16 

1 

Th. Bl., m in., ou No. Ur.. 0141 in. 

No. 2 trommel, 0 OHS in. 

H 

30 

14 

(d) 


100 

250 

11 

19 











I 











III 

ao 

1 


No. 2 trommel, 0 252 in. 

H 

24 

12 

as(7) 


100 


n 


2 

Oversize of No. S trommel, 0.252 in 

“ “ •• 

H 

24 

12 

100 


60-80 


III 






10 


120 




IV 

SI 

1 

Through Blake. 1 in. 

No. 1 trommel, 0.177 in. 


27 

14 

HO 

10 



I 


2 

Oversize No. 1 trommel, 0 177 in. 

“ “ •* 

Close. 

24 

Ml 

80 

10 

h 


HI 

sa 

1 

Through Krom breaker, 1 in. 

No. 1 trommel, 12 mm. 

0.4 

m 

16 

28f/i( 

20 



I 





Close. 




20 



HI, IV 

93 

1 

Through Blake, in. 

No. 1 trommel, 7 mm. 

27 

14 



100 


I 


2 


“ “ “ 

Close. 

27 

14 



100 


III, IV 

94 


Th. Bl., Vi in., on No. 1 tr., 10mm. 

No. 2 trommel, 7 mm. 

l^\oH 

i«H 

12 

24 


7t> 

ilNI 

11 


1 

Ov. No.2 tr.,7 mm.; J.M..10to0mm. 

“ “ “ 


80 

12 

24 


142 

190 

m, IV 

25 


Th. BL, Hi In.; Ov. No. 1 tr., 6 mm. 

No. 1 trommel. C mm. 

Clo.se. 

:io 

14 

RJi 

8 

105 

I2.'. 

I 


1 2 

Jig skimmings, 6 mm. to 0. 

Jigs. 

Close. 

:to 

14 

on 

5 

50 

.V> 

IV 

26 

US 

I^’rbm Bodge breaker, 1 in 

No. 2 trommel, 0 224 in. 


36 

16 

42 

9W 

100 

150 

I 


H 

Oversize No. 2 trommel, 0 224 in. 

“ “ “ 

Close. 

30 

16 

50 


200 


HI 

27 

1 

Th. Bl. IV^in., ou No. 1 tr.. 1}4 in. 

No. 2 trommel, 96 in. 


iki 

M 

42 


150 


n 


2 

Jig tailings, % lo ]| lo. 

No. 9 trommel, {| in. 


30 

14 

too 




IV 

28 

1 

(/) 

No 2 trommel, i6 uim. 


20 

(4 

40 

0 

90 

i(W 

IMV 


2 

: J.M.,16to5mm.:Ov.No 8 tr.,3^mm. 

No. H trommel, 8}4min. 

Close 

3(» 

16 

85 

.5 

24 

100 

iv 

99 



No. 1 trommel, 8 mm. 


21 

21 






I 








HI 


3 

i Th. No 1 tr.,8mm.,on No.2tr.,6mm. 

No. 2 trommel. 6 mm. 

Close. 

21 

ito 





XI 

80 

1 

Th. gr., VA in ; Tli 0. or Bl., 2J4 in. 

No.ltr.,25,15,10mni. (S) 


'30 


40 

iu 

275 


1 


2 

Th No. 1 rolls on No. 1 tr., 25 mm. 

“ •• “ 


24 

Il4 

20 

0 

o.*> 


III 


S 

Jig middling.s, 25 to 7 mm. 

“ ** “ 

Close. 

3(1 

16 

80 

, to 

250 


IV 


4 

J.M., 7 to0mm.;Ov. No 3tr., 5 inm. 

No. S tr., n. 214 mm. (S.) 

Close. 

21 

it 

;-{;*» 

1 4 

80 


IV 

31 

1 

Through Blake, 1U m 

No ltr.,18, J5,9roni.(S.) 


80 


40 

10 

200 


1 1 




t, «» 4, 




36 




IV 





Cl^. 

24 

12 





IV 

88 

1 

til. Bl.. 1!4 in.-; th. gr.i in. 

No. I tr.,12, Smiii. (S.) 

% 

31 

16 

1 28 

H 

600 

700 

I 


2 

Jig middlings, 1^ in. to 6mm. 

No. 4 tr., 5, 2 mm. (S.) 

Clc«e. 


14 

55 

9 

850 

4.)(J 

IV 


8 

Jig middlings, 8 (o 5 mm. 

»t ti i( 

Close. 1 

»> 

M 

GO 

4 

150 

•m: 

IV 


4 

Jig middlings, 6 to 2 mm. 

44 (4 14 

Close. 1 

80 

14 

60 

4 

150 


IV 

38 

1 

Th. Bl. 1 in., on No. 1 tr.. 0.5 in. 

No. 1 tr., O.S, n.SI in. (S.l 


80 

10 

24^ 



1 ... 

n 






20 

io| 

42 




IV 

84 



No. 1 trommel, 1,5 mm. 1 






300 


I 










III, IV 







14 





IV 

85 

1 i 

TS. grizzly, i in.; Th. Gates, 1 in. 

No. 1 trommeL 16 mm. 

a 

26 

15 

62 

10 

m 


I 





Close. 







IV 

86 



No 1 trommel. 0.5 in. 

24 

14 






Ov No^'i tr , 0 R ill - J M ORtoO Rlin 


20 

10 





in, IV 







10 





Iv 




No. 1 trommel, 25 mm. 

36 


15 

40 




n 




12 

26 

15 

47 




IV 




44 41 41 

2 


12 





IV 





i 


12 





IV 

88 



No. 2 trommel, % in. 

i! 

26 






IV 



g 







IV 








60 




IV 



(o) 


A 

30 

16 

38 




IV 






26 


40 




IV 

40 

1.8 

From No. 2 Blake, 1 in. 

No. 1 trommel, 20 mm. 


HO 

10 

31 


50 

76 

I 


2 

Jig middlings, 20 to 7 mm. 

44 44 44 


80 

10 

81 


76 

75 

IV 


4 

J. M., 7 to 3 mm. ; J. M., 3 to 0 mm. 

No. 5 trommel, S mm. 

Cl'Me • 

80 

10 

. 60 


120 

120 

IV 

41 











I 

2 




80 

15 

> 24 




ni 






80 

Ifl 





IV 



.1^ . a4tn ^ ;ii.: Ov No Htr , I.4 in 

No. 6 trommel^ ^ in. 








17 

■ 










IV 

B 

1 

J.lA., Hin. tbO; Uv. ^o.'Str.,0.1 In. 

No. R trommel, 0.1 in. 

Close 

22 

Ifl 

i 60 

10 


185 

IV 

<8 

1 

j.M.J Iti to 8 mm. ; Ov.NaS tr. ,3 mm. 

No. 2 trcMnnael, 8 mm. 

Close 

80 

10 

i 60 


66 

m 

IV 
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TABLE 34. —OENEBAL TABLE OF BOLL DATA FEOM THE MILLS.— Concluded. 
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Feed. 


Product to. 


BJ„ lU In., on No. 1 tr., 4 mesh No. 1 trommel, 4 mesh 
Throuf?!! Biuke, m. I k- 

Oversize No. 1 truuimel, 0 224 id. 

Tfarou^h Blake, in 
Oversize of No. J tr., 3 and 4 mesh. 

Through Blake, 1^ in. 

Oversize of No 1 trommel, 3 mesh 
1^1 L., % in.; Th No. 1 tr., 1 m 
Oversize No. 2 trommel, 1 to ^ in. 

Mid. of mair. separator, m. to 0. 

From Buchanan line breaker, I in. 

From No. 1 ndls. 

(See text, § 102 ef scq.) 

Th. Bl.. ^ m., on No. 2 tr., U in. 

Th.No.2 ir..^ in..on No.-S tr., 0.0()0 in 
Th.No.9 tr.,^ in. ,oo No.4 tr,, 0.038 in. 

Throuftb BUke, \y^ in. 


No. 1 trommel, 0.224 in. 
No. 1 tr.. Sand 4 mesh. 
No. 1 trommel, 3 mesh. 
No. 2 trommel, ^ in. 

No, 2 rolls. 

No. 2 trommel (p) 


No. 3 trommel, 0 000 in. 
No. 4 trommel, 0.058 in. 


Lo^ washer. 

No. I trommel, 6 mm. 


Is 

d 

c 

per 

u 

o 

k 

Cap jier 
24 h. 


. 


a « 

S,-;! 

Tons. 


s 

2 

.2 a 

s.| 

(o) 

Space 

rolls. 

a 

S 

o 

a. 

o 

P 

& 

¥ 

Actual 

Max. 


20 

16 





H 

27 

14 

22 


75 


Close 

20 

10 

SO 





36 

14 

40 


100 

125 

Close. 

36 

14 

;i7v. 


60 

100 

H 


14 

40 


75 


(Mose. 

27 

14 





Close. 

30 

IK 

90 




Clo.He. 

30 

IH 

100 




Close. 

30 

IK 

100 





24 

14 

100 


60 


Close. 

18 

12 

130 


CO 


Close. 

S(l 

1.5 

34 


90 

I20" 

Close. 

24 

16 

130 


25 

40 

Close. 

24 

16 

ISO 


25 

40 

IM 

30 

14 

25 


80 

190 

H 

24 

12 

80 


10 

... 


Class. 


II 

I 

III 

I 

U1 

I 

III 

I 

III 

IV 
I 

III 


u 

II 

u 

III 


would do If run at their maximum capacity. (6) Through Blake. 20 inin.; No. 1 Jip tailings, 20 to 10 mm.; No. S 
Jig middlings, 10 to 2 mm (c) Through No. 1 trommel, 15 nun. ou No. 2 trommel, 10 mm.; Jig middlings, 10 
to 0 mm. (d) One roll makes 44 revolutions, the other 45. (e) Through grizzly, 1^ inches, and Blake, 1% inches, 
M No. 1 trommel, 0.2.i2 inch (/> 102 revolutions per minute caused excessive wear, {g) 40 tons for hard ore, 
BO for soft. (A) At 35 i-evolutions the rolls became glazed, (i) Oversize No 1 trommel, 12 mm : Jig middlings, 
12 to 3 mm.; poor sand from trunking machine; poor scttlmg table heads, (j) Oversize* No. 1 trommel, 7 mm.; 
Jig tailings, 7 to 3 mm ; Jig middlings, 3 tf> 0 mm. {k) This Is tlie result of actual measurement. (/) Through 
Dodge, iches, on No 1 trommel. 40 min ; Oversize No 2 trommel, 16 mm.; Jig tailings, 40 to 60 mm. 
On) J»g middlings, 25 mm. to sand; Oversize No 5 trommel, 2^ mm. (n) Jig middlings, % inch to mm.j 
Oversize No. 6 trommel. 2}^ mm. (o) Jig tailings, inches to 1.5 mesh; Oversize No. 2 trommel, IW inches, 
(p) This varies f' om >4 iucli down to 20 mesh, (g) Oversize No. I trommel, 6 mm., which treats No. 1 roll stuff. 


§ 76. Shafts.— They are usually of mild steel or wrought iron, as shown in 
Table 40, oerasionally of east iron. The greatly added weight of east iron tends 
to offset, by heavy axle friction, the advantage of the eheaper material. It is 
best to have but two bearings for a shaft, sinec witli three bearings the shaft 
causes greater frictiou if it gets out of line. In some cases, howevc^r, where an 
overhanging pulley or gear is so heavy as to cause excessive strains in the shaft, 
it 18 nece8.sary to have thw bt'urings. 

T-HE Chusjjing Cylinders arc made cither of one solid casting bored 
to fit the shaft, all of which must bo discarded when the surfac-e is worn off* 
or they consist of a permanent central coi'e of soft iron whieh is forced on the 
shafts by hydranlic pressure, and to the trued surface of which a movable shell 
or wearing part is fastened. The former method is now pretty much abandoned 
even where the foundry is next door. ’ 

J“'ikes his core and tires as follows: The core is in two parts (see 
Fig. 3/), each a little less than half the length of C'e face of the roll shell- 
they are slightly conical, having their lesser diameters inward. One part is 
shrank on permanently to the shaft and fixes the position of the roll the other 
IS drawn into place by four powerful draw bolts. The inside of the tire has two 
ciOTMpondmg conical surfaces. The movable half core is split on one side 
which springs enough by the pressure of the tire to tightly hug the shaft. The 
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§ 78 

cores are lightened by substituting a design with hub, with eight heavy spokes 

and a tire, for the solid casting. This form is now 
fpiito generally adopted by other manufacturers. 
The lialf cores should not be so narrow as to leave 
any considerable part of the tire unsupported in 
the middle, that is, not over -1 or 5 inehes. 

§ 78. Itoi.L Shells ou Tikes.— The thickness 
of th(! shell varies fi-om 2 to 5^ inches, the width 
and diameter are matters of design, and will be 
taken up later. (See § 8!) and § 90.) An idea of 
the sizes used may be gained by reference to 
Table The crushing surfaces are either those 
produced in the foundry or they arc turned down 
in a lathe to true cylinders. The inside surface 
of the shell is generally turned slightly coni(.‘al to 
fit the core. In Mill 10 this difference in inside 
FIG. 37. — kuom’s method op diameter amounts to J inch in 14 inches of width. 
ATTACHING KOLL SHELLS. Other measurements can be found under Mills 

24 and 30, in the table. To make this inside turn¬ 
ing easy in chilled cast-iron shells, gibs or slaves of wrought iron are placed in 
the moulds and the .shells ea.st around them. For e-'(am])le. Mill 35, roll No. 1, 
has eight soft gibs of wrought iron. 'I’liese soft staves can be turned to conical 

TABI-E 35.— BOLL SHELLS. 

Abbrevlationg.—Act.ssactiml: Cap.—cfwacitf: ('h. T =c}iill«*d imn; Chr S ssclromo bU***!; Ch. R =:ohj]led 
C. or K. S.=ca8t or rollod steel; O. S.=fa8t I).=r>ry; Est =Estit«ate(l: F S.rrFor^fed Bt4*ol; Il.= 
hoiirH: H. 8.—Hammered Kleel; Tn.sinntieB: M. S = steel; O H. K lioartli rolled Bteol: 

R. k=roUed atee'; R. T. S.—Roll tire Hteel; S =Steel; S. S —Seml-8t<'el; \V.=W«*t, 
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TABLE 35. —^EOLL SHELLS.— Concluded. 


28 14 8 

2 so 10 S 

30 1 30 14 (o) 

2 24 14 (o) I 

I 

80 8 30 10 in) I 


r, S Ch. I. 
ill S. 

1 ) c. s. 

l>. (?oc:h. I. 

vv » 

• I {p)C- S 

s. 


IEs!l 

s ; I 


Cost 

per 

[Life. 

I^p.per 

Tons. 

Pound 

Cents. 





Days. 

Tons. 


5 j 4 i 

240 

8,400 

[. Ik! 

(m)l% 

200 
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W. Ch.X. 
W". “ “ 
W. “ “ 
l> “ “ 

V. n. T. s. 

W . 

W “ “ “ 


800 . 168 

600 . 

6(»0. 

900 4 5(5 

700 (r )10 90 

6 (MJ (DlO 3 (H> 

r> 0 (» (r)io :juo 


90 

■ (0 mu 

24 0.006 
275 0.052 
65 0.0944 


20(1 0 .(* 52 C 

0.1200 
... . 0 . 8.57 

'HMl 0.090 
8.50 0 .(M 50 

mi 0 0289 
150 , 0.0289 


1>. Ch T. 

TV 5 Ch I. 
X'hr. S 

’ \V 

. W. 

w. 

W.K'h. J. 


1,800 4 120 

1 , 8 (K> 4 90 

.(nj?20 


800 0.0783 
- 0.2444 


4 80 1(5 8 ^ 

42 1122 16 .... 

43 lj 30 16 4 


ru. S. 

w. n..>. 

I M. S. 

tCh. 1 . 

W 'V<; s 
I k s. 
W 

IH.S. 
.... Chr. S. 

w. 

(Ch. 1. 

.... H. K, 

1). Ch I. 
W. ‘‘ ‘• 

I). “ 

W. Chr. a 
W. F. S. 

W. ■* •• 

I), a. 

IX “ 

JX ’ 

JX (;h. I. 

iX “ “ 

IX “ “ 

IX s. 

rx “ 

W. Ch. 1 
W, " “ 


. H4 

. . 5(5 

. 5(5 

. 90 

. 100 

541 m 

. 55 

650 («)()U 114 

6.50 (.,,10 222 

.... ism 80 

.... (s>0^ 87 

- 112 

.... (s)6H 88 


1 f(M;l 5 U 0.1079 0.911 

i I (X 2.500 . 0.8750 

( lo.KKW 0 .(H 21 0.7008 

J [ 0.0510 0 0:185 0.510 

( iO 8125 . 1.094 

75 -^ 0.1395 . 0.907 

\ / 0.1019 . 0.688 

-j 2 „.| 0 .M 00 . ( 1.910 


i i 0 8125 

> 75 -{ 0.1395 
\ / 0.1019 


800 . <}/)540 

800 .(U )860 

1,000 . 180 

600 . 2.50 


75 0.0666 0.0500 

.... 0.0666 0.0416 

KMJ 0.1444 0.0888 

60 0.160 0.120 

T5. 


. 90 160 4,000 

180 4,000 

. (n )540 . 


- 25 . 

25 . 

80 0.002 
10 0.0005 


'"'i* ”0^ kI™ the cost of iron per pound, so this iscsicuittted on an 

^ cents per pound merelv to show the very low cost per ton. (c) ,4 to ^ inch thick when 

(/rrr iiS.?s“"arZ‘’'S WJh«twov^es;tivenaKf„rh«Mi,,ast,f^ 


for bard ariu soft ore respectively. 


V/; iwo incurs at one end, 8 inches at other, (p) Bell for U cent, ffti mchea at ,m« wtH ^ 
(fcfteAn??af/Ji!t ^ 0'> Goes to Na 1 rolls when worn uneven. (Sf4 footnote to Table 3^ 

foryicent,, (n) 


I they develop holes and oraokSr sad do not last half this Mnw» 
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surfaces much more easily than the chilled cast iron. The shells are mounted 
and centered n])ou the cores by drawing them into place with draw bolts, which 
may also act as keys, or they are wedged up into line by driving in wooden 
wedges. The former are to be preferred a.s Ibe wooden wedges are troublesome 
to put in and, if llie rolls are run wet, trouble.sonie to take out. The nuts on the 
bolts holding the shells in place should be fiwjuently inspected, as the shells are 
likely to e.xpand and work loose on the hubs. 

g 79. M.vteuial for Koli. Smsi.i.s.—A material for roll shells to bo satis¬ 
factory should be ns hard as possible to avoid attrition, tough enough not to 
chip and not so malleable as to flow, lloll shells are made of cast iron deeply 
chilled on the outside; also of cast steel, rolled or hammered steel, chrome 
st<‘el and manganese steel. Ferro-aluminum and ])roj(‘etile steel have also 
been tried. The following summary has been made from Table 35 to show 
the extent to wbieb various materials are us(‘d : Chilled iron, 38; east steel, 13; 
steel (kind not given), fi; chrome steel, 5; hammered steel, 5; manganese steel, 
5; rolled steel, 4; east or rolled steel, 3; roll tire steel, 3; semi-steel, 3; ebillcd 
steel, a; forged steel, a; o]>cn-heartli rolled steel, 1, It will be notiee<l that there 
are Sa steels of various kinds against 38 chilled irons. 

Chilled cast iron has the advantage of low first eo.st (a to 4 cents [ler pound), 
and if a foundry is near by, the woni-out sludls have a market value ([ to | 
cent per pound). It has the disadvantage of short life and uneven wear, be¬ 
coming at times deeply pitted on the surface, so much so as to seriously hinder 
the work of crushing, long before the shells are otherwise worn out, and con¬ 
sequently the weights of old shells are greater than with sted. It also chips 
at the edges with hard ore. Its bardne.ss prevents it from being easily trued up, 
a difliculty w'hieh is not met with in the steels of mild or medium hardness. 

Wrought-iron and mild steel shells have a tendeney to Ilow' or bead over at 
the ernls too mudi, extending the length of the shell at both (aids. On this 
account these metals do not find favor. 

Cast sti'cl is a medium-priced material (fi to fij cents per pound) and has a 
medium life; the surface is not as reliable as that of the next three matmial.s. 

Forged steel, either rolled or hammered, is the mo.st rdiabb' material that 
exists. With reasonable attention it wears evenly. It costs (!| to 10 cents per 
pound. It wears very thin before the shells are rejected, but the latti'r generally 
have no commercial value. The author quotes Mill Sfi, however, where they sell 
for $7 per ton. 

Chrome steel, made by the Chrome Steel Works, is forged steel containing 
chromium. It has all the advantages of forged steel and the manufacturers 
claim that it has longer life. It costs about 10 cents per jiound. 

Manganese steel, made by the Taylor Iron & .Steel Co.,* has extraordinarv hard¬ 
ness and toughnos.s. It costs about 10 cents per pound and the inaiiufaeturers 
pay about 1 cent per pound for old shells delivered at the factory. Mill 40 
reports one remarkable record of length of life, giv(m in 'Fabh' 35, but could not 
repeat it. One of the worn-out shells in this test weighed SJ50 pounds, and was 
iV inch thick. 'J’hc other weighed 400 pounds and wa.'- IJ to 1| inches thick. 
The later shells gave out by cracking when but halt worn out. The large size 
of the ca.sting was thought to he the cause of the difficulty. Others have had 
the same experience due to the uneven quality of the metal. The manufacturers 
claim that while snclls 4 inches thick crack, shells 3 inches thick do not. Their 
reason for this is that they cannot arineal perfectly up to 4 inches. When the 
material comes from the mould it is brittle and this brittleness is removed by 
annealing, which consists of heating to redness and plunging into cold water. 
On thick pieces there is apt to be a core separated in this operation which impairs 
the strength of the whole piece. It is also claimed that roll shells of this 'metal, 

, • American lieenneae for the HadBeld Patent Kra Manganeie Steel of Sheffield, Ku^auJ ’ 
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that have become heated by work, expand and do not return to their original size 
when cool, rhey are hal)le, tlierefore, to cause trouble by working loose on 
their cores Ibis however, might iiossibly be prevented in wet erushing by the 
use ol wooden wedges between the shell and the core. .Sometimes this expansion 
causes the roll to split longitudinally. ^ 

"t‘‘el and forged steel ajipear to be excellent for r.dl shells, and if the 
diftculties ot easting and stretching can be overcome, manganese steel will prob¬ 
ably rank even higher, ^^e final decision as to which will he used must bo 
dwidid In the ledger. Iho items besides life which enter into this computa¬ 
tion, are cost of shells at the works, the freight, the time lost in repairs and the 
value o the old shol s, Mr. Argali reports an e.vception in the else c^f Xorne 
steel. He has found it too brittle for roll shells. One set lasted only eight 
hours and one shell eraeked entirely through and dropiied off the core. A^seefnd 
srf was tougher, but even these hroke in a week’s service, large pieces cracking 
off on the edges ,ii one ease 14 inches long by 1J inches wide. ^ ^ ^ 

In 1 able do the wear of shells is given in two eolunins. The gross wear makes 

no allowance for the metal that is left in the worn-out shell, while the net wear 
Till ''' H'j; table is the gross cost, allowing nothing for the 

Ti hll! 4? wi 1 "■•‘re obtained and are given in 

Tilde .4(. with the corresponding gross cost. It should he noted that Mills 24 

and ,.0 are treating soft lead ores in Mis.souri. 

TAni.K ,3(i.—NUT OO.ST OP .SIIELL.S. 
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! Miiteriiil. 

Cost per 
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|(Uiilh*d iron. 

Cents. 

■i'A 

8M 

1 

:'’hillt*il iron. 

m 

! ; 

< 'ast or rolled Kteel. 

> 

8 

6 or 7 


(»roh« coat 

Net coat 

per ton. 

per tiou. 

(’ents. 


0 5081 

0 f)2{U 

0 .8990 

0 8774 

\ 0 Wi 

t 01MH4 

1 0.190 

i 01H8 

1 1.7287 

1.7044 

i 2.84 

2.2.38 




ttiid iriti, them crush 451(100 (uuil ' ”’"**• *‘™«’ <>' tl*- latter receive nkw shelb 

tThe uet cest Is the same as the irross coal in Table 8,5 for all materials except chilled iron. 

0 non- o the more favorable gross wear in Table .4.5, running from 

^fi *‘11 "I' ll’e'n finishing mine 

reports thal if the life .f Ti'i 1'“*^ ‘l'«" MiH 3!) 

nr f ! 1 ^ i^l'illed Jn>u in tons crushed be taken as 100 then 
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moved in the machine shop by turning down the roll, or buffing it down with 
an emery wheel. They may be removc'd on the spot with an emery block, a 
lever and a weight, as in Mill 25 (see Fig. 3>i). S. It. Krom has a slide rest 

and lathe tool a(la|)ted to truing u|) the roll 
shells in place. To kcej) the mill running and 
save time, it is well to have spare shafts with 
rolls and boxes upon them. The worn rolls 
can be quickly hoisted out and the new low¬ 
ered into ]>laee. Kaeh shaft should run only 
in its own boxes. 

Fio. 38.— Aim.XNGKMENT OF It is far better to ])revent th(‘ formation of 
EMUitY BLOCK. Ihiuges if one can, and so avoiil the loss of lime 

caused by removing them. If rolls are fed 
with the cheek pieces of tlu' ho])per close agaiiist the ends (d' the rolls, so that 
feed luni]>s li inches in diameter cannot l)e iiip])ed by the rolls nearer than 1} 
inch from the end, then it hdlows that the idle emls id' the rolls will wear less and 
will become Hanged anil pn'sently need to he turned down. This formation of 
llanges can he avoided by |daeing the cheek ])ieees a little moi’e than the half 
diameter of the largest feed lump from the ends of the rolls, which guarantees 
that the roll sliells will \vear to the very ends. ('ou|)led with this a little hori¬ 
zontal grate with movable bars is jdaeed in the steeji sloping feed trough and cer¬ 
tain of the bars arc' removed to guide tlie feed stream and thercd'ore the wear of the 
rolls. If the central bars are removed the rolls are fed mainly at the center; if the 
end bars are removed the rolls are fed mainly at the encks. In this wa\ the wear can 
be directed to the highest ]iarl. In Mill tit), for Xo. I rcdl, this grate is made of 
|-ineh round bars, 14 inches apart. It. is generally considered best to keeji 
the ends worn slightly smaller than Ihc' middle and so to forestall Mange making, 
for if the edges are thiiiged and the rolls are ))r(>ssed tight togelhiT there is givat 
dangc'r that the calges will ho nickecl. This is ))arlieularly true with chilled 
iron. At Mill 20 the rolls are fed by a trommel, the rotation of which in one 
direction onc'-half the time* delivers the ore toward one end of the rolls, while 
its rotation in the opposite direction the other half of the time delivers toward 
the other end and thus keep the rolls true. 

Another ux'thod of keeping the rolls true is to set them one; day with, say J 
inch end laps, the next morning set the laps at the opposite ends; the rolls ends 
arc' said to wear more on the wearing day than they lose' on the rc'st day. In 
Mills 20 and 25, the plan has been adojited, ndth favorable results, of wearing 
the sheila on the fine rolls until they have lost their surfaces too niueh, them to 
hand them over to the coarse rolls, where' the inecpialities are of much less 
moment. To effect this with the least loss of time, all of the rolls of a mill 
must be of the .=ame diameter, face and make, and s)iare shafts and hoxc's should 
bo used. An i;istanee is reported to the author of the avoidance of the evils 
of Manges by having one roll 1 4 inches longer than the other. The long roll 
soon forms two flanges, one at each end, and the .short roll fits into the space 
between them. 'I’his roll is knowm as the (leyer roll. 

Out of 24 jiairs of rolls in the mills we find that: 

.Nine jiairs of rolls are kept true by placing the check plates off and carefully 
guiding the feed 

Four pairs are kept tnie by placing the cheek plates off and running an evenly 
distributed feed. 

Two are kept as true as possible with the cheek plates close by guiding the 
feed. 

Two pairs of fine rolls send their shells to the coarse rolls. 

One pair is trued by lapping the ends on alternate days. 
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Two pairs are trued by the emery block, lever and weight. 

One pair has flanges removed by emery block. The complete surface is trued 
by perioilieiilly riiiiimig one roll baekwiird and feeding ([uartz .sand. 

Three pairs are trued up in the nnieliine sho|>. 

At Mill yd, (he edges of (he No. 1 rolls are made beveled to jirevent the edges 
from chipping. 'I'his is afler llie design given by lliKingi'r. dates Iron Works, 
if desired, bevel roll shells of chilled iron so that the faces are 1 inch narrower. 

The (bin edges resnlling from (lowing or heading over at the ends, particularly 
upon wronght-iron and mild s(eel rolls, can ho removed by hammer and cold 
chisel. 

§81. Sinn .Xn.ii'ST’MKN'T.— 'I’o I’aeililate adjusting (he rolls endwise, the Gates 
Iron Works fnrnishes special ecdlars which are ]daeed on (he roll shafls on both 
ends (d' (he bearing of (ha( end of (he roll shaft which is opposile (o the driving 
pulley, ^riiey are in (he form of a split, clutch nut. When loosened they can, 
by turning (hem upon the shaft, give a very perfect end adjustment. When 
tightened ihey act as guiding collars. Side tbrusi, whieb makes guiding col¬ 
lars neeessarv, is .said by dales to act in a direelion (owaril (be drivim .side. 
'I'lie Colorado Iron Work.s pul guiding cidlars of iron on the outer ends of each 
bearing. They fasleii (hese lo (lie shaft by taper pins and (hen jilaee loo.se brn.ss 
collars belwei'ii (hem and (be ends of (he boxes. 

§ 8’.’. Kioiamiis.—A sudden rush of ore will choke (he best rolls unles.s they art 
provided with an e.xtraordinary amount of junver and strength; a deficit of ore 
causes loss (d' lime. A feeder fiirnishes (he sim|desl i-orreelive for holb of these. 
This is oldained in prai liee either by taking the rock direct from some machine 
whii-h liniils oidpid, for example, a bh'aker, or by using some of Ihc feeders, 
.such as Ihe 'I’nlloek uilli feed sole shaken by earn and spring; the A'ezin, with 
feed Sole shaken by an eccentric; (be llendy, (he rolb'r fei'der, (hi‘ pushing block 
feeder, or (he Gates swing stirrup feeder. The llendy feeder, if used, should 
have a feed ehnie in which (he .siream can sjiread to the wnKli of (he rolls. It 
is importanl (ba( (he feeder should deliver an almost eonliniious stream to the 
rolls. Itiltinger's rule is (hat (he feeder should give not less (ban four timc.s as 
many impulses a^ the ndls make revolutions per niinulc. Vezin finds (hat 250 
impulses jier iidnide makes a virtually eoidiniious siream. Where the ore con¬ 
tains considerable ('ay w'hich causes the ore to .slip and prevents it from being 
drawn down hetwieii (he rolks. to hasten the crushing an oscillaling ram"“ has 
been used which forces (he clayey material down between (he rolls. 

§8.1. I’li.i.ow lii.ocKS AND riiniiE Ai.kjnmbnt. —Means must be jirovided for 
regulating the disl.anee apar< of the rolls to suit the crushing and to compensate 
for the w(>ar of the roll shells. The meehanism must he such (hat on the one 
hand the rolls when crushing cannot ajiproaeh nearer than the distance at which 
they are set, and on the oilier that (hey will not recede at all with the ordinary 
W'ork of crushing, hid if a hard object like a drill point is fed, they will open 
and let it through to save breaking the machine. It is for (his purpose that 
the box(>s of one of the rolls are made movable. There are three ways of doing 
this and of maiidaining the alignment or parallelism of the rolls. 

(1) (See Figs. tSa. 40(7, and 49(Z.) To have the bo.xes of the movable roll slide 
in guides independently of each other. 'I’he rolls are held np to their work 
by springs, the alignment of the rolls being aecorapli'-hed either by putting in 
shims of equal thickness on each side to hold the boxes the required distance 
apart, or hy using compression bolts which enable the rolls to stay apart the 
proper distance. 

(2) To connect the two movable boxes by a rigid frame which slides upon 
long guides on the two sides of the machine and gives perfect alignment. They 
are held up to their work by tension rods and springs and prevented from 
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coming too itlose i)y shims or compression bolts. The Jackson rolls, made by 
McFarlanc, and Wild’s patent rolls, made by the Union Iron Works, are in.stanees 
of this form. 

(3) (See Figs. -IDc, 50 and 51.) To support the two movable boxes upon two 
vertical levers swinging ujion pivots below called swinging pillow blocks, and 
to bold the rolls u]i to tlndr work by tension rods and sjivings, and to 
hold them ajjart by lock tints on the tension rods. In the Buchanan rolls, 
made by the (ieorge V. (lres.son Fo., of Mew York, there are .special adjusting 
bars or rods which pass from the swinging jtillow block hack through a hracket 
cast on the end of the main frame. By turning up lock nuts on the outer ends 
of these rods the rolls can be ojtent'd and held at any desired dishince ajiart. 
'J’hese rods are so arranged as to allow tlu' rolls to spring ajiart in ca.se of 
necessity. These swing levers are mounted in two ways: (1) Tin' two levers 
are united below in one stdid easting, making a swing (J lever which swings 
upon a ])iii perfecting the alignment of the movable roll. S. K. Krom’s rohs 
(see Fig. 50) are of (his form. Whth this eonstriietion it is dillicnit to make 
the swing (J lever of sullicient rigidity to keeji the boxes perfeetly in line and 
avoid heating. (3) The swing levers are pivoted helow independ'eiitlv of each 
other, self-lining bo.xcs being used and the alignment of (he shaft heing obtained 
either by lock nuts or right and left coupling nut on the tension rods. Bolls 
made by the E. P. Allis Co. (see Fig. 51) and those made by the F. M. Davis 
Iron W'orks Co., are of these two classes respectively. 

The fixed pillow block is either bolted to the main frame or it is casi with 
the main frame and lined up with it in the machine shop, or lastly, a pedestal 
is cast on the main frame into which a tnbnlar bo.x is dropped. 

§ 84. BorES oil Beauinos.— The boxes or bearings for the shafts are citlier 
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Projected 

Pressure of 

Size of 

1 Rev« ‘liitions 



Journal. 

Journal 

Journal. 

Sprinjrs 

Itolls. 

|Hn* 

1 Minute. 

10 

1 

Inches. 

4 

InclioH. 

8 

So. Inches. 
82 

Pouuils. 

Inches. 

22x 14 
. 28x14 

20x 14 
21x12 
27x14 
21x14 

30x 16 
28Ux 12 

80x 12 
80x14 
30x14 
86x1(5 
36x10 
86x14 
86x14 
26x14 

30x 16 

86x 14 

24x 14 

80x 16 
21x14 
86x18 
24x12 
24x12 
26x15 
22x16 
80x16 
30x16 
80x16 
80x16 
80x16 
27x14 
20x10 
80x14 


10 

2 

4 

6 

82 



17 

t 

4 

m 

26 



20 

1 

■•H 



21 

1 

12 

54 


80 

80 

28 

21 

2 

5 

12 

60 


22 

1 

8 

10 

80 


24 

1 

7 

0 

68 


24 

2 

7 

0 

68 


24 

60 

42 

50 

25 

25 

1 

2 

0^ 

g 

9 

5KU 

13,000 • 

20 

26 

27 

1 

3 

1 

8 

8 

10 

10 

13 

80^* 

80 

71H 

71^ 

40.000 to 60.000 
40,000 tu 60,000 

27 

2 


18 



28 

1 

1 



28 

2 
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9 




so 

2 

5 

7 

85 



so 

8 

8 

9 

72 



so 

4 
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7 

35 



31 

1 

9 

12 
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40 

31 

3 


10 

46 


31 
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10 

45 



S5 

1 

9 

16 

144 



42 

48 

I 

1 

6 

10 

8 

60 

56 

6,000 

60 

40 

1 

7 

10 

70 



40 

2 

7 

10 

70 



40 

3 

7 

10 

70 



40 

4 

7 

10 

70 * 


60 

86 
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10 



86 
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10 



90 
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* 'rbese rolls have lever and weight instead of spriogs. 
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divided, with a cap and base, or they are made in one solid tube; in either ease 
they are babbitted over the portion which takes the wear. Where a tubular 
box is used, it is aligned upon the pillow block by fitting it to the pedestal by 
cylinder and socket joint with vertical axis, or by ball and socket joint. Gates 
Iron Works use this design on tluur best rolls. The angle for the dividing 
plane between the cap and base varies in different makes from 45° to 50° with 
the horizontal. It is intended to conform to the resultant force obtained by 
combining the weight of the rolls, etc., with the pressure of resistance to crush- 
ing of the rock. Krom puts a water jacket on his boxes and by running water 
into this a hard-worked roll may be kept cool. By making the bearing surfaces 
of sufficient size and keeping out the grit there is no need of water cooling. 
Over the ends of the bo.\es shields are usually placed to prevent the entrance 
of dust and grit. A groove in the end of the box with cotton waste in it also 
prevents entrance of grit. For speed in rebabbitting boxes the spare set of shells, 
shafts and boxes already recommended will sei've. In addition to these a travel¬ 
ing truck overhead, wdth a differential hoist, will lift the old parts and carry 
them out, bringing back the new roll shaft, .shell and boxes. The time lost in 
changing may, with these precautions, be reduced to perhaps one-quarter of 
what it would be without them. 

The sizes of journals used on rolls are given in Table 37. A discussion of 

the sizes ol journals will he found later in 
§ il5 under “Journal Friction.'’ 

SS5. SeiiixoK OK Weiomts.— The use of 
a wi'ight and bent lever (see Fig. 3!)), to 
bold the movable box in position has nearly 
gone out rif jiraetiee in this country (see 
'fable 4<l)> Ihi; dittieulty being that unless the 
FIO. 3'.).—noT,T.s WITH LEVER .XND rolls are run very slowly, as in Mill 25, roll 
WEiuiiT. No. 1, the weight.s will not have time to act 

in ease a drill point is fed. In Mill 16, 
No. 1 rolls, wdneh have a lever and weight, run fast, because the ore is very soft 
iirul fr(*o from djinfjcrous lumps. 

Springs are of: (1) I’ara rubber, usually in sections with iron plates be¬ 
tween; or (8) of steel. Rubber is used where rolls of minimum cost are desired 
for short-lived operations. Steel springs are the standard for permanent work 
and the forms used are those known as spiral cur springs. A sufficient number 
of these are put together to give the necessary compressive force. Steel springs 
should bo long enough so that there shall be no danger of the spirals ever closing 
together. Kie mode of applying the springs is to put them outside the movable 
box with the frame oi bolts as the tension part (see Figs. 49f and 4i)d), or 
outside the fixed pillow block with bolts to transmit the force (see Fig. 50). 
The latter arrangement appears to be most favorable. Springs should be given 
equal tension t-u each side to make the rolls wear evenly. The nest of springs is 
sometimes compressed between two plates by special bolts called compression 
bolts, as shown for the main springs in Figs. 58a and 535. This takes the ten¬ 
sion off from the main bolts and is to be commended, although it adds slightly 
to the first cost. It makes the sotting up of the great tension bolts very easy, 
since .he springs do not have to be relaxed ns is the case where shims are used; 
they are simply moved intact to such a position that they will bear when the 
roHs are the desired distance apart. Two compression bolts are best, as it is 
difficult to distribute the load evenly on more than two. 

The average resistance to crushing is probably less than 5,000 pounds pressure 
(sw § 864). This pressure will rise much higher and fall to nothing, according 
to the rate and size of feed. This pressure is sustained by the main tension bolts 
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and by the inertia of the rolls. The pressure of springs, on the other hand, may 
bo from 1.5,000 to 100,000 pounds. The spring pressure is usually taken up by 
the shims or compression bolts. The springs yield only when tlm resistance to 
crushing reaches tluur limit of compression. They then act as the safety valve 
on a boiler does, by preventing the pressure from rising greatly. 

When rolls are .«et close it is common to remove the shims altogether. This is 
a costly practice, for the groat spring pressure is by this means transferred from 
the shims, where it belongs, to the journals of the rolls wliich, in consei|uenee, 
have to work with a constant pressure of 1.5,000 to 100,000 pounds upon them’ 
instead of a variable pressure which generally averages less than 5,000 pounds,’ 
Brunton finds that not only the babbitt but also the shells w'ear out miieb faster 
under this treatment. Even when the whole spring pressure is required for the 
crushing the shims should still he used to prevent the rolls from (juitc coming 
in contact in case the feed stops. 

Table 38 shows the total pre.ssure exerted by the springs used by the Gates 
Iron Works upon their tiOX 1.5-ineh and their 36xl.5-ineh rolls, as determined 
by a hydraulic press. To get the pressure for each battery of springs the figures 
given in the table should be halved. 'I’hese springs arc 7]^ inches long normally 
and inches when compressed solid. 


TABLE 38. —SPRINGS ON THE GATES ROLLS. 


IjeuRth of 

Amount of 

Pressurt* ExtrU'd. 

Spring. 

Comprensitm. 

On 26-inch Roll 

On 86 inch Roll 

Inches. 

7IJ 

Inches. 

0 

Founds. 

0 

Pounds. 

0 

w. 

w 

15,(XX) 

22,500 

G)| 

1 

80,000 

87,rxio 

m 

m 

41,250 

52,500 

2 

48,750 

71,250 


The total pressures used by the Colorado Iron Works for 27X14 and 20X12- 
inch rolls (see JFigs. 52a and 526), are given in Table 39. 

TABLE 39.— SPRINGS ON ROLLS OF COI.01L4DO IRON WORKS. 


Amount of 
Compression. 

Total Pressure be¬ 
tween 27xl4-iuctiRollB. 

Total Pressure be¬ 
tween 20xl2-itich Rolls 

Inches. 

Tons. 


H 

10 

6 

1 

21 

13 


82 

19 

8 

65 

m 


It is not intended that the high values given in Table 39 shall he used in 
running, as the rolls are designed for only 30-tons constant pressure between 
the 27X14-inch rolls and 20 tons between the 20xi2-inch rolls, the factor of 
safety of the compression bolts being in the former and 8 in the latter. 

Roger has designed crushing rolls to do away with springs when crushing soft 
rock. One roll is placed above the other, as shown in Fig. 40. The plane of 
the axes slopes 4.5®. 

The Stnrtevant centrifugal rolls also do away with springs. In these each 
roll consists of a shaft with a loose roll shell encircling it. The shell is lined 
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up and prevented from end motion by two large flanges keyed to the shaft, one 
on each side. The space between the shaft and the shell is nearly filled with 

sector-block wciglits of cast iron 
with slots in them, through which 
iron ]iins parallel to the sliaft are 
passed to guide tliiati in their 
radial journey toward and away 
frojii th(’ shaft. When the rolls 
are run rapidly the weights fly 
out until they eouie to a hearing 
nil the inner surface of the roll 
shell, line up the latter and re¬ 
volve it by friction. The above 
nientioneil liangcs have rims on 
their outer edges and when the 
rolls are running normally there 

Q 

FIG. 41. —METHOD OF 
FIG. -It).—SliCrjON OF KOGEIi'b KOI-I.S. A1>1‘LV1NG SUKAI'EllS. 

is a space of ineh radially helween these rims and the sivtor-bloek weights. 
If for any reason the roll slicll becomes moved eeeentrieally out of line more 
than s'j ineh then part of the seelor-hloek weights hear against the rims and 
not against the roll shell. 'Pile rolls do away with sjirings and movable bo.xcs, 
■for when >: hard object is fed it overcomes the cmitrifiigal force of the weights 
that should do the enishing, and the roll shells yield and let the piece through. 

§ 86. ScRAi’Eiis of iron are sometimes used to remove adhering fines from the 
face of the roll at the lowest point in its revolution (see Fig. 41). They are 
necessary in tine wet crushing with greasy ores like seriicntine, which cause 
trouble by forming a slippery coating of slime on the surface of the roll. 

§ 87. Driving Mechanism.— Rolls are called geared rolls when driven by 
belts and gears, or belted rolls when driven by belts alone. The former appear 
to be preferred for slow speed coarse crushing, the latter for high speed fine 



fig. 42 . —DESIGN A. FIG. 43.—DESIGN D. 


crushing. This classification, however, is not by any means universal, as will 
be seen by Table 40, which gives the classes to which the rolls belong and the 
mechanism by which they are driven. 








































































































































BOLLS. 


77 


S 87 


TABLU 40.—^DRIVING MBCHANisM.— Concluded. 



© 





No. 


Maker. 

! 

1 


8fl 

1 

8. R.Kiotii. 


SS 



n 


90 

1 



2 

M. ll<»a#rlandSous& (Jo. 

2 



3 



_ 



(aj This refers t 


(HasB. 

(«) 


Shaft. 



Pulley. 

Belt 

Width. 

In. 

Rev. 

per 

Min. 

i 

I 

Mat. 

Diam. 

lu. 

P 

38 

a 

QQ 

u 

Face. 

In. 

I 

T. 




8. 

1 



90 

100 

100 

III 

K. 




S. 




IV 








I 

I. 




S. 

CO 



III 

I 







U 

u 

F. 

I. 


(7) 7 
an 7 


R. 

R. 

(r) 

in 



S4 

11 

1. 



R. 



180 


(/>> This n'fers l<> the «'leven dosiKHS as explained in 
. have lever and w(;iKhi.^ (e) Now Gates Iron Works. 

(9) Reduced from 


1.0. (o) Tii(«« rolls havi- Ipver anil ai-iirhl (e) Now (Info 

4 b/tCTiu"' lS?s“dr'v™ bi?'two-o~'^ boT 

(«TI,ir;i.„"A™o',.^Jbo?eJour/,'SsK 

tathe"jo;;?u^y\«;'a}/inolt,:;"n’tte,ouVlml”;";'w^^^^^ (id’sMinches 


'I'lu n. IIIV Hov,." (IcsifTMS (ho i„,(hor lins f.ii.n,] for ilriviTif? nioohmiisins. 

Of tlicpc the first sevon arc for f;earod rolls and the last four for bolted rolls. 

A. Kolls connected by linger gears on one side, one roll being driven by pinion 
P'ar on the other side (see Figs, la and 4,Sc). Jn this design the belt shaft 
18 placed on the same level with the roll shufls, its speed is reduced by one gear 
transmission to one of tl.e roll shafts, tliis shaft igain in turn trLmitting 

I'y g<'«rs called finger gears or staf 

i • g‘'“rs have little work to do except when no ore is fed, as 

the chief driving of the second roll is done by the friction of the ore These 
gears a din it of a certain amount of wear on the roll shells before the teeth of 
one gear bottom the spaces of the other. When this happens a second smaller 
pair of finger gears is mounted, and when the roll shells have worn too small 
for these, a third. These last servo until the shells are worn out. 

B. Same as A, except that both gears arc on the same side. 

C. bamo as A, except that the pinion gear is replaced by a pulley. 
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FIG. 49a. — sroE elevation of the gates “hioii-gkade” uolls with FEEDEB 

ATTACHED. 



TABLE 42. —SIZES OF ROLLS AND PULLEYS AND SPEEDS OP BEI.TED BOLLS RECOM¬ 
MENDED BY GATES IRON WORKS. 

Design. Diameter. Face. Slie of Belt Pulley. HeToluUnna of Rolto 

} ' per Minute. 


Hlgh-)?rade. 
Hlf^h-f^rade. 
HIffh-{^ade. 
E^omic... 
Rconomio.e. 
EooDomic... 
Saotlooal.... 


Inches. Inches. 
9x4 
30 X 15 

S6 X 15 

18 X 10 
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D. Each Toll driven separaloly by a pinion gear (see Fig. 43). 

E. Geared rolls with a pair of counter shafts below (see Fig. 44). In this 
design the belt shaft is placed below one of the rolls and drives the fi.ved roll 
above it through one reducing gear transniission, while it drives the movable roll 
by one equal sp{K'd transmission to a counter shaft on a level with it, and then 
by one reducing gear transniission to the roll. In this form the driving pinion 
of the movable roll is about plumb under the gear, so that the roll can be moved 
in sufFiciently to completely wear out the shells without seriously disturbing the 
meshing of the teeth of the gears. On this account finger gears are not needed. 

F. Same as E, except that the counter shafts are above. It is probable that 
the loss of power in designs E and F by tla* extra gear transmission is balanced 
by the loss from finger gears of preceding designs. 

G. Same as A, except that the finger gears are removed and the second roll 
i.s driven by friction from the first (see Fig. 40). This design may be made from 
any of the preceding designs, except C, by removing all the gears except the 
single transmission from the belt shaft to the fixed roll. Making tbe,se changes 
on C makes it bc’eome design K. In using design G for coarse ermsbing, .some 
devic-e, such as Veziu’s auxiliary S]iring (design K), should be used to keep the 
movable roll in motion and prevent shocks which would otlicrwi.se result from 
intermittent feeding. 

If. Each roll driven by a large pulley (see 
Figs. 4f), 4!ta, 4'.)e and 4!t(/). Tbe.se pulleys 
ar(‘ driven either by one open and one crossed 
belt from the same .shaft, or by two open 
bidts from separate shafts running in ojipo- 
site directions. When' a crossed belt is used, 
it always drives the movable roll. 

I. Similar to 11, except that one imlley is 
made smaller than the other (see Figs. 47, 
50 and .51). The small, narrow pulley is 
put upon the movable roll and does little 
work. It merely si'rveg to keep the roll in 
motion shonld the feed cease to come. This 
de.sign, which crosses the narrow belt, has 
the advantage over the jireeediug that it 
saves the use of an ('xtra shaft for two open 
helt.s and it avoids the crossing of a wide 
belt. 

J. Similar to I, except that both pulleys 
arc on the same side of the rolls. This 

FiG.49b.— DETAii.s OF THE GATES makes the rolls more convenient to approach 

PEDEHTAE AX'D Pii.i,ow Hi.ocK and handle, but requires an oul.side bearing 
FOE “high grade” ROLLS. which introduces a conqilication in the lin¬ 
ing of boxes. 

K. Similar to H, except that there is but one pulley, the movable roll being 
driven by friction from the fixed roll. This design has the advantage that it 
halves the number of belts and pulleys, which take up space in the mill and fre¬ 
quently interfere with the spouts. Where the rolls are not set close together it 
has the disadvantage that the movable roll will stop when fei*d ceases and start 
with a jump when feed starts again. Vezin has overcome this by the use of 
auxiliary springs (see Figs. 63a and 536), which put the rolls in contact when 
the ore feed lets up and by so doing keep the loose roll running. The total pres¬ 
sure exerted by these auxiliary springs k 1^ to 3i tons on 30X 13-inch rolls and 
3J to 3J tons on the 37Xl4-ineh rolls. This method guarantees that the periph- 
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cry speed of botli rolls shall be the same. It is applicable only to rolls that have 
compression bolts and no shims. 

The following snmmary shows the number of each design appearing in Table 
40: Design A, a.t; design B, 2; design 1 ; design 1), 2; design E. 0; design 
F, 2; design (i, 5; design II, 20; design I, 7; design J, 2; design K, 1. 



PIQ. 49d.—OATES “SECTIONAL” BOLLS WITH FEEDER AND WITH ONE TULLEV 

KKMOVEl). 




yia. 61. —^TIIB ALLIS RELIANCE CEUSHINO BOLLS. 
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In summing up the geared and belted rolls the following points are worthy of 
note. Geared rolls have the advantage where slow speed i.s desired on aecount 
of the multiplication of force by the gcar.s. Belted rolls would require extraor¬ 
dinarily widi! bells or largi" pullevs to do tlu; same work at slow spficd. This 
quality of geared rolls, however, makes them more liable to break in ease; they are 
overfed. For high s))c(‘d, hclted rolls may hav(! gnait advantage on account of 
their fewer moving ])ar(s and eonse(|uent le.ss loss ol' power. 

t) 88. Iloi’cnas AND lloi As before staled (see S 113) rolls need special 

feeders to limit (|nan(ily, to iirevent <'hol<ing by overfeeding, to kec]) ii)) a sulli- 
cient rate of feeding, a7id also to regulate wear. The ore so fed is n'ceived jn a 
hopper ]ilaeed directly over the rolls to retain flying fragments. 'Phis hopper 
may oi' may not be a part of the housing. The replaceable ends of tlu> hopper 
extended downward by the imds of the rolls forin the ehei'k plates which pi-event 
lumps of ore passing by unernshed. The.sc cheek idates are made adjustable, in 
a direelion at right angles with the shafts to keep up with the wear of the roll 
shells. 'I’he disianei' betueeii Ihe (heck plates and th(‘ eiuls of the rolls should 
also he adjustable', although it is not generally made so. 

A housing ef east or plab' iron enelosing the rolls to retain the dust, is some¬ 
times used and may he so complete as to deliier the crushed ore in a spout below. 
Tt is made so as to be easily removable. Housings with a door for oiling arc 
also sometimes used to ])roleit gi'ai.s. 

^8!). ll'iDTir or Fai'H or Wid'i ii of iioi.i.s.—In di'ciding this matter several 
considerations are invohed. Wide rolls of the same speed have' more surface and 
henei greater eapaeily. But as the width and eiqiaeily ineri'ase, so also do the 
stresses to which the frame is siihjeeted and which must he met by a greater first 
cost of tlie machine. With the increase in stre.sses and weight tlii're is an in¬ 
crease ill journal friction. On the other hand narrow rolls are miieli easier to 
kee]i true, and by rii”ning them faster, jirovided Ihe speed does not exceed the 
limit for good woilr, the capacity lost by narrowing can be regained; Ihe stres.ses 
are less and the first cost, weight, and friction are'redneed. 'Phe expi'rienee in 
Mill yo ieads the manager to eonelnde that 10-ineh rolls eriisli as mueli as 1-l-inch 
and wear miieli siiioother. In this ease tlii' ore probahly covered Ihe wlioie width 
of the roll moi" evenly and a greater pre.ssure per square inch was probably 
exerted. 

'Phe widths in eoinmon use in tliis country are shown in Table 4.'!. which covers 
the dilferent mills visited. 'Phe classes are those defined in 7a. For the 
widths of rolls in each mill Ihe reader is referred to 'Pable .'if. 


TAiii.n f:i.—suMMAiiv OF WIDTHS OF lionr.s. 


Width. 

Inchea. 

Number 

ill ('{as81. 

Numb r 
in CioRsJl 

Number 
in Class nr 

Nmnb«»r 
in (’lasslV 

Sum. 

18 

2 

0 

1 

1 

4 

16 

G 

6 

3 

8 

52 

16 

8 

1 

1 

9 

11 

14 

14 

5 

6 

14 


12 

2 

8 

4 

6 

14 

10 • 

0 

0 

2 

3 


0 

0 

0 

0 

1 

1 


§ 90. Diametdr of Bodls..— Rolls are used of diameters varying from 9 inches 
up to 43 inches (see Table 84). Rolls of large diameter apparently possi'ss three 
advantages over those of small diameter: (1) The increased surface allows more 
rock to be crushed with a single pair of shells, but the gain is not important 
unless the renewals in the case of the smaller rolls are so freipient as to cause 
serious delay and added cost. The wear of shells per ton crushed would probably 
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be the same in both cases. (2) The larger rolls can make a greater reduction 
in size of lump with one passage of ore tliroiigh the rolls than the smaller, the 
angle of nip, which will be e.xplaiiied later, and the periphery speed being the 
same in both cases. J!ut since the larger rolls cost more on account of the larger 
parts and the greater strength re(|tiired for the additional pressure, we may say 
in favor of small rolls that two pairs of them in series can make the same reduc¬ 
tion as one jiair of larger rolls with less lirst cost and much less sliming of the 
ore. Besides this the smaller rolls are more easily run and handled, the shells 
are more easily and securely centered and they wear more evenly. 'Phe journal 
friction and the power will prohahly he the same in both eases, (tt) Larger rolls 
have a greater cajiacity than smaller j'oils, the reduction being the same, since 
they can he run at a higher rate of speed on account of their more advantageous 
angle of nip. In case both the reduction and periphery sjiecd are the same for 
the large and small rolls, then the former will make the reduction more gradually 
and hence with less shock. 

'Pile diameters of rolls used in the mills visited are shown in Table M in their 
respective classes of § 12. 


TAIil.E -I 1. —.SUMMAKY OF DIAMRTKUS OF llOl.I.S. 


Iuch»*s 

Number 
in (Mass I 

Number 
in (Muss 11 

Number 
m Class 111 

NiuiiImt 
m ClussIV. 

Rum. 

43 

0 

0 

0 

1 


8(1 

fi 

2 

2 

2 

H 

81 

1 

0 

0 

0 

1 


K 

2 

5 

17 


3H 

0 

1 

0 

0 

1 

37 

4 

0 

o 

1 

7 

2U 

1 

8 

0 

7 

11 

31 

it 

3 

5 

3 

13 


1 

1 

0 

2 

4 

31 

2 

1 

1 

0 

4 

20 

0 

2 

3 

5 

u 


1 

0 

0 

2 

3 

10 

0 

0 

0 

1 

1 

13 

1 

0 

0 

0 

1 


One large manufacturer of rolls places 21X11 inches, another places 20X14 
or 10 inches as the best standard roll. An argument against excessively large 
rolls may he based upon the facts given in 4'able 52, which shows that large rolls 
have, in the majority of cases, a more favorable angle of nip than is necessary. 

§91. Pekii’IIEKY Hl’isui).—By reference to d'ahle til. it will be seen that for 
coarse rolls the revolutions per minute vary from 8| to IbO, and for tine rolls 
from 24 to 130. From these widely diverging figures oblained from practice 
it is clear that no law for revolutions is as yet developed. Moreover a moment’s 
thought upon the subject brings out the fact that speed of revolution is not as 
good a criterion for comparison as periphery speed, for a roll 10 inches in diame¬ 
ter, making 90 revolutions, and a roll 30 inches in diameter, nmking 30 revolu¬ 
tions per minute, vary greatly in number of revolutions, yet the length of surface 
acting is the same in either case, viz.: 235,.5 feet per minute. Again, considered 
from a mathematical standpoint, the same pair of rolls must run twice as fast 
to crush 4-inch cubes dawn to 4 inch as th(>y must to crush 1-inch cubes down 
to I inch," the amount crushed btdng the same in both cases. 

Table 45 contains the opinions of different authors as to periphery speed, and 
Table 46 those of martufaeturiTS. 

Table 47 contains the size and periphery speed, together with the class of rolls, 
of the different rolls tn mills visited by the author. I'he reader will find in 
Table 34 the sizes of ore crushed, which will be of assistance in comparing these 
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TABLE 45.—PERIPHERY SPEED OF ROLLS GIVEN BY AUTHORS. 



Diameter. 

Metern. 

Ilevolutiona 
per Minute. 

Periphery Speed. 
Feet per Minute. 




60 to 180 

90 to 180 

160 

600 to 700 

197 

98 

179 

99 
(894 

1492 












J 

o1 

0-8 

.^. 

12 

Kunhardt (Kiiropo)... 





TAIII.I! J(). —I’HlilPHEUY SI'EKf) OF ROLI.H GIVEN BY MANUFACTURERS. 



Diameter. 

Inches. 

Design. 

Periphery Bpeed 
Feet per Minute. 

(]lolorado Iron Works. 

B. U Kroin . 

: 


210 

525 

252 to S14 

900 

200 

800 

835 to 467 

167 to 188 

864 to 1.200 

835 to 471 

188 to 197 

314 to 858 



1 Coarse rolls. 

1 Fine rolls. 

1 Bolt«)d. 

1 Geared. 

1 Belted. 

1 tJeared. 
Geared. 

Stearna-Hnj’er Manufacturing Co. 

Farrel Foundry and Maeliino Co. 

F M Davia Iron Works. 





TABLE 4’!'.—REVOLUTIONS AND PERIPHERY SPEED OF LOLLS. 
AbJMvvintioJis -Avfr.-Lnv4M*aK<*; F( Mm -mmute; No.^number; IVr = periphery. 


Cl. ASS 11. 





c ® 

•6 a 

Mil) 

o 

Size 

2a 

- 

No. 

0 

Inches 

&l 


3 

1 

12x14 

100 

314 

15 

1 

2^x14 

42 

242 

IG 

1 

IHxU 

75 


21 

1 

27x11 

80 


22 

1 

80x10 

28 

220 

23 

1 

27x14 

100 

r(K> 

25 

1 

80x14 

8V«j 

67 

20 

! 

30x10 

43 

890 

26 

s 

86 x10 

42 

396 

29 

1 

21 x12 

45 

217 

80 

1 

80x14 

40 

377 

31 

1 

80x18 

40 

377 

82 

1 

81x16 

28 

227 

84 

1 

80x14 

4B 


85 

1 

20x15 

02 

422 

40 

1 

80x18 

.31 

243 

40 

3 

30x16 

81 

21.3 

41 

1 

30x15 

16 

120 

80 

1 

27x14 

22 

150 

87 

1 

86x14 

40 

877 

68 

1 

27x14 

40 

283 

89 

1 

80x18 

90 

70'. 

90 

1 

24x14 

100 

028 

98 

I 

80x14 

25 

196 

Aver. 

845.7 


Mill 

No 

6 

A 

Sizf*. 

Inches 

® 4 
23 

on 

la 

i Per speed. 
Ft. per Min. 

10 

1 

22x14 

22 

127 

13 

1 

26x12 

20 

130 

17 

1 

2(1x14 

90 

471 

18 

1 

.30x14 

4.5 

421 

20 

1 

21 x12 

92 

578 

21 

1 

28!^xl2 

36x11 

24 

179 

27 

1 

42 

396 

28 

1 

26x14 

40 

272 

3.> 

I 

80x10 

2 m 

192 

37 

1 

90x15 

40 

272 

02 

J 

30x1.5 

84 

a^o 

92 


2-lxlO 

130 

817 

02 

8 

21x16 

130 

817 

Aver 

887 


Mill 

No 

1 Roll No. 

Size. 

Inches. 

1 Revolutions 

1 per Minute 

Per speed. 
Ft. perJIm 

20 

5 

24x12 

100 

628 

21 

2 

24x14 

80 

503 

no 

2 

30x16 

40 

314 

23 

2 

27x14 

100 

706 

21 

Q 

.30x12 

21 

188 

26 

2 

:Wxl6 

.50 

471 

27 

2 

21 x10 

40 

220 

28 

<j 

24x14 

26 

163 

41 

2 

dOxle 

24 

188 

86 

2 

20 x10 

.30 

157 

87 

2 

.30x14 


853 

89 

2 

30x18 

100 

942 

90 

2 

18x12 

130 

613 

93 

2 

24x12 

30 

188 





Aver. 





402.6 


Mil 

No. 

1 Roll No. 

Size. 

Inches 

II 

|l 

I& 

Per. speed. 

1 Ft. per Min. 

10 

n 

18x14 

22 

104 

16 

1 

18x14 

75 

858 

17 

1 

20x14 

00 

471 

20 

3 

10x9 

120 

503 

22 


SUxlO 

40 

314 

23 

2 

27x14 

100 

706 

24 

4l 

30x12 

24 

188 

2 r> 

s 

:i0xl4 

60 

471 

27 

2 

36x14 

100 

943 

28 

1 

20x14 

40 

272 

28 

2 

80x10 

35 

275 

30 

3 

30x10 

80 

286 

30 

4 

24x14 

a5 

2!1 

81 

:> 

24x12 


226 

82 

2 

30x14 

55 

610 

32 

8 

80x14 

60 

411 

32 

4 

80x14 

60 

471 

83 

2 

20 x10 

42 

220 

87 

2 

26x15 

47 

272 

87 

3 

20 x12 

42 

220 

87 

4 

42x12 

.37 

407 

88 

1 

20x15 

00 

406 

88 

g 

26x15 

00 

408 

88 

S 

20x15 

60 

406 

80 

1 

30x10 

88 

296 

89 

2 

20x15 

40 

272 

40 

2 

80x16 

81 

248 

40 

4 

80x10 

00 

471 

42 

1 

22x16 

50 

288 

48 

1 

80x10 

60 

4n 

69 

8 

80x18 

100 

942 

Aver. 

389.1 
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figures. It is clear that averages taken from such Avidcly diverging figures can 
be of little value, although the table shows that, as a general rule, fine rolls have 
a greater speed than coarse rolls. The reason for this is that where the ore is 
coarse and the feed is more or less uneven, the rolls jump more and there are 
greater strains produced, so that they cannot be run so fast as rolls treating fine 
material evenly fed. The average speed of all the rolls is 379.3 feet per minute. 

For practical use. Table 48 has been prepared, showing the number of revolu¬ 
tions per minute that rolls of different diameter must have to produce different 
periphery speeds. 


TABI.B 48. —REVOLUTIONS REQUIRED FOR VARYING PERIPHERY SPEEDS. 



Periphery Speed to feet per Minute. 

Diameter 
of RoUs in 

60 

100 

150 

200 

300 

400 

BOO 

600 

700 

800 

900 

1000 

Incbes. 














Number of Revolutions per Minute. 

0 

21 

42 

64 

85 

127 

170 

212 

26.6 

297 

840 

882 

424 

10 

12 

24 

3B 

48 

72 

96 

119 

14.3 

167 

191 

215 

239 

20 

10 

10 

29 

SH 

67 

76 

96 

116 

134 

m 

172 

191 

24 

H 

16 

24 

H2 

48 

64 

80 

96 

111 

127 

143 

159 

20 

7 

16 

22 

29 

44 

69 

74 

KH 

103 

118 

132 

147 

SO 

6 

13 

10 

26 

88 

61 

64 

76 

89 

m 

115 

127 

86 

5 

11 

16 

21 

S2 

42 

58 

64 

74 

R*j 

9.6 

106 

42 

5 

U 

14 

18 

27 

86 

45 

55 

64 

73 

82 
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There seems to be a tendency in some quarters toward high speed rolls. 
Another argument for this, in addition to those which have been brought out in 
the preceding sections, is that high speed rolls are much smoother running, owing 
to their greater inertia which at the instant the lump is nipped supplies more or 
less foreo to aid in the crushing. How great this force is may be understood 
by considering it equivalent to the force necessary to move the mass of one roll 
away from another a very short distance in an extremely small fraction of a sec¬ 
ond. No data is at hand to compute this force, but under certain conditions it 
may become very considerable (thousands of pounds) where the sliced is high 
and the lump yields with difficulty. This force is entirely .supplementary to that 
exerted by the springs and it varies as the square of the periphery speed of the 
rolls, other things being equal. 

Some authorities advocate running one of the rolls slightly faster th.an the other 
in order to prevent the exact mating of the rolls and consequent possible uneven¬ 
ness of wear resulting tlierc'froni. This is especially true with geared rolls. The 
E. P. Allis (Reliance) rolls are geared differentially 1 in 50, which is reported to 
work advantageously on gears and rolls. S. R. Krom’s belled rolls (see Fig. 
50) drive the small pulley 1 in 100 faster than the large pulley. This is prob¬ 
ably intended to prevent the former from lagging btdiind. The use of any eon- 
sidcrablc differentiation of this kind to prod ace grinding, with a view of increas¬ 
ing the crushing power, has been yiroved fallacious on bard brittle ores, requir¬ 
ing increased power without eorre.sponding benefit.™ In regard to soft clayey 
ores, however, the case is different. S. I. Hallet, of Aspen, (’olo., reports a 
special case of mils used in a sampler which had run 33 months and crushed 
88,000 tons. They were fed with 8-inch lumps from a breaker and crushed to 
1 inch. The sIkHs were soft steel and were never trued up and were in fair shape 
at the time of rejiortipg. One roll runs 85% faster than the other. The ore 
which is soft, being largely composed of limestone and clay, when crushed by 
ordinary rolls, forms ribbons or “pancakes,” while the above differential adjust¬ 
ment tears the ore apart, completely overcoming the difficulty. The differentia* 
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lion was found to be almost absolutely necessary, as it saved a great deal of labor 
afterward. 'J’he wear of the roll shells was slightly increased. 

§92. yi'Aim B etween J{oll.s and Angle or bJir.—Spaces vary from rolls 
close together or praclieally no space, up to | inch apart (see Table 34). The 
relation between the dianiefer of ore fed to rolls and the space hetw’een them, 
that is to sav the aionint of reduction, is most important if rolls are to do their 
best work. A eomir.on rule for coarse rolls is that the space should be one-half 



FIG. A.N(!].E FIG. 51. FIG. 55. 


OF Nir. 

the diameter of the maximum lump fed. 'I’liis, however, is an hnjierfcct rule, 
as it does not inelude the eonsideiation of the angle of nip. 

Ani/li’ if Nip. —If rolls 1>, (see Fig. 53) be fed with a sphere of rock E 
the tangents to the rol's at <u/. the pohits of contact with the sphere meet below, 
forming an angle 2 V, llie half of which, N. is called the angle of nip. 

This angle may have valne.s from 0°. where the space between the rolls is as 
large as the feed lump, increasing upward until the angle is .so large that the 
rolls cannot nip the fragments. This angle of nip in any case will depend 



FIG. 56. FIG. 57. FIG. 58. 


for its value upon the diameter of the rolls, the diameter of the lump of ore 
fed and the distanee apart to which the rolls are set, and it is affeeted in the 
following ways: It is diminished by increasing the diameter of the rolls, by 
increasing the space between the rolls, and by diminishing the size of the lumps 
fed to the rolls. Figs. 54 and 65 show that the larger rolls, acting on a given 
sphere, have smaller angles of nip. Figs. 54 and 56 show that larger spaces 
give smaller angles of nip. Figs. 54 and 67 show that smaller feed lumps give 
8 smaller angle of nip. 
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All relations between size of feed, space between rolls, radius of rolls and 
angle of nip can be oppressed by a simple formula, which is derived as follows 
(see big. 5S): If 6—radius of sjdierc to be crushed, a—J space between rolls, 

N=angh of nip and r=radius of roll=:i diameter, then--^,^=Cosine N. 

There are two values of this angle of nip which are of sjieeial interest to the 
ore-dresser, namely, when it equals the angle of frietioji and the rolls do no 
work; and the ])ractical angle of nip, at which rolls will work satisfactorily. The 
angle N becomes the angle of friction when it is of such a value that a sphere 

TAIST.E 4!).-SPACE BETWEEN ROl.I.S ANB ANGLE OP NIP. 

_ Atthrtn'mtionH —M in.=minut<‘; No.ssnnmiMT: Tr.=tromiin*l. 

CLASS T. " " “ 


Foot! Size, 
luches. 


1 l-0(2r>.4 0 mm.) 

1 0.7R7 0.079 (SO-2 mm.) 
1 1-0(25 4 Oiiun.) 

1 1-0 (25.4-0 inni.) 

] 0(3S.1 0 mm ) 

1 114 O(S8.1-0mm.) 

1 1-0 (25.4-0 ntni.) 

2 t-0 (2.5.4-0 mm ) 

1 0.0<)9 0(17-0 mm.) 

1 2^-0 ((53 5-0 mm ) 

1 IW 0(88.1-0 mm.) 

1 l^-0(38.1-0mm.) 

1 1-0 (25.4-0 mm.) 

1 1-0(25.4-0 mm ) 

8 1-0 (25.4-0 mm ) 

1 1-0.224(2.5 4-1.52 mm.) 
1 Ji4-0(38 J-Omm.) 

1 1^ 0(38 1-0 mm.) 

1 1-0(25.4 0 mm.) 

1 94-0(10.1-0 mm.) 

1 lH-0 (38.1-0 mm.) 


(10.1 mm.) 

>4 (0.35 mm.) 

0.4 (10.2 mm.) 

(Moao. 

(3.18-4.76 I 
•4-A lK-i.76 I 

U(12.7 mill.) 
i-i (12.7 min.) 

(12.7 mm.) 
^(3.18 mm ) 
(12.7 mm.) 

Jh (3.18 mni.) 
U-.3.1K inm.) 

(12.7 mill.) 

>4 (6.35 mm.) 

U (12.7 mm) 
(ilose 

(12.7-19.1 E 
lU (31.8 mm.) 


Size of Limiting 
Trommt'l. 
Inclies. 


0.487(12.4 mm.) 
1.18 (30 mm.) 
0.1(57(4.25 mm.) 
0.472 (12 mm ) 
0.27C (7 mm.) 

0.236 (0 mm.) 
.)|0.221(.5.70mm.) 

.) 0 224 (.“ 70 mm.) 
0.315(8 mm.) 

0 98(25 mm.) 

0.709 (18 mm) 
0.172 (12 mm ) 
0.630 (16 mm ) 
0.787 (20 mm ) 

0 787 (20 miu.) 
0.244 (6.54 mm.) 

4 m»‘sh. 

3 meah 
A (2.11 mm) 

) Go<*s fo No 2 r«'lls 
Goes to lojr washer 


[ Katio of 

1 






Feed 

Ff‘d 

Tr.Hoh 

Nm 

to 

fo Tr. 

to Uull 


Miu. 

Space 

Hole 

Space. 



1.3.5 

2.0 

0.61 

8 

27 


0 ; 


16 

39 

4 

6 0 

0.67 

13 

17 


2 1 

1.18 

11 

17 


5.4 





a 3 


17 

45 

8 5!j; 

4 5 

I H 1 2 

12 29-12 8 

8 r.i^, 

4 r> 

l.H-1 2 

13 29-12 2 

1 33 

2 1 

<» m 

7 

10 

0 

2..5 

2 0 

18 

33 

8 

2 1 

1 4 

18 

16 

12 

8 2 

3 K 

16 

44 

2 

1 0 

1 20 

11 

16 

8 

1 3 

6 29 

13 

89 

8 

1 3 

f) 29 

13 

89 

2 

4 G 

0 4.5 

10 

51 

6 





3 



15 

50 


12.0 


11 

85 

I 



8 9-0 


. 1 


7 

13 


1 (19.1-12.7 mm.) i 

I 1 (^5.4 tmn.) 4 mesh. 

I 0.691-0 (1.5-0 mm ) 

1 lU-0.111 (38.1-3 58mm) 

1 IH-M (38.1-6.4 imn.) 

1 )4-0‘594 (12.7-10 uuu.) 

(rt) 

1^-0.630(31 75-16 mm.) 

1 0.815-0.93()(8-6mm.) 

•M-0.102 09.1-2.59 mm) 

! 0.102-('.060(2.59-1.53mm.) 

I 0.102-0.058(2.59 1.47mm.) 


Uyi (12.7 mm.) 


55 mm.) 

7 min.) 

;8 5-12.7 mm.) 

7 mm.) 

8 mm.) 


^(12.7 min.) 

2 mesh. 

0.591 (15 mm.) 
0.083(2.11 aim.) 
0.252 (6.4 mm.) 
0.276 (7 ram.) 
%nT> 85mni.) 
0.630 (16 mrn.) 
0.236 (6 nun.) 
0.060(1.53 mm.) 
0.058 (1.47 mm.) 
0.058 (1.47 mnu) 


(a) This is through a Blake breaker set nt I14 inches (38.1 mm.) and on a trommel with inches. 


(;LASS III 


2 lU-0.252 (88.1-6.4 mm.) 

2 1-0.167(2.5.4-4.25 mm.) 

3 1-0 (5K.4^ mm ) 

2 1^-0 (88.1-0 mm.) 

2 )4-0 (12.7-0 mm.) 

S 1-0.224 (25.4-5.7 nim.) 

3 0.600 0.81^(17-8 inm.) 

3 2>^-0.984(08..5-25mm.) 

3 1^.224(88.1 5.84 mm.) 
3 lU (38.1 mm.) 4 m^h. 

3 1^ (38.1 mm./-8 mash. 

3 k-A (19.1-3.11 mm.) 
e «-0 <19.1-0 mm.) 

2 lt$-0.2SC (88.1-6 mm.) 


U (6.85 mm.) 0.252 (6.4 mm.) 

Glose. 0.167 (4.25 mm.) 

Close. 0.472 (12 umi) 

C^lo.se. 0.276(7 mm.) 

!4-A (6.35-4.Y6 mm.) 0.276 (7 mm.) 
Close. 0.224 (5.7 inm.) 


rl-A (6-85-4.7( 
^lose. 

4 (6.35 mm.) 

4 (18.7 mm.) 
yiose. 

’lose. 

Hose. 


tolose, 

jM<’«-85 mm.) 


0 815 (8 mm.) 

0.984 (25 mm.) 

0.324 (5.64 mm.) 

4 meali. 

8 mesh. 

^ (2.11 mm.) 
|(6.85mm.> SOmesb 
0.820(6 mm.) 


1-008 18 1 

. 16 67 

I . 14 86 

1. 18 *40 

i.1-1.47 7 21-0 18 
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TABLE 49. —SPACE BETWEEN BOLLS AND ANGLE OF NIP.— Concluded. 

CLASS IV. 


& 

i 

6 

S 

§ 

Feed Size. 

Inches. 

Space. 

Inches. 

Size of Limiting 
Trommel. 
Inches. 

20 

2 

U-0 (12.7-0 mm.) 

('lose. 

14 (12.7 mm.) 

iT^ 


minmii ni'iiii l i 

(Jloso. 

0.487 (12 4 mm.) 

{•1 


0.7K7- 0 "20-0 mm.) 

Close. 

1.18(30 mm.) 


1 

0 591-0 (15-0 mm.) 

Close. 

0 591 (1.5 mm.) 



0.252-0.000 (6.4 -1.52 mm.) 

Close. 



1 

1-0 (2r> 4 -0 mm ) 

(Hose. 

0.472 (12 mm.) 

411 


1^-0 (3K.1 Oiiim.) 

(’lose. 

0.276 (7 mm.) 

21 

2 

% C (12.7-0 inni ) 

W-A (6.35-4.76 mm.) 

f».276(7nmi) 


n 

0.230-0(0-0)11111) 

Clos(». 

To jiKS. 

[yJ 

U1 

5(4-11(15.0-8 85mm.). 

(3.17 mm.) 

(H.35 mm.) 


LI 


Close. 

0 (hlOflOmm.) 

k:| 

M 


(’lose. 

0.136 (3U mm.) 


y 


Close. 

l’«) (rf) 

80 

1 

0.276 0 1 ? 0 nun ) 

Close. 

(//) (d) 

31 

2 

-0.158(38 1-4 mm.) 

Ki (6.85mm.) 

(<•) (d> 

82 

3 

0 158-0(4-0 mm ) 

(’lows 

0 098 (214 Dim ) 

82 

2 

O-'IlnCia 1 8 mm.) 

(^ose. 

>31.5,0 197(8.5mm.)d 

82 

3 

0.315 0 197 18 5 mm) 

('lose. 

:»315.0 197(8,5mm )d 

32 

4 

0.197-0.«»79f,5-2 mm.) 

(’lose. 

[)315,0.19r(8,5mm )rf 

33 

2 

'4 0(12.7-0 mm.) 

Close. 

(e) (d) 



0.981 (25 mm ) to eand. 

Close 

9.098 (2'A mm ) 

88 

1 

l!4-%(38 1 22.25 mih.) 

(12.7 mm ) 

To No 2 rolls. 

Pi 


1*4 0(38 1 0 mm ) 

*■4 (6.35 inra ) 

0.197 (5 mm ) 

iSI 

El 

H 0 098(9 .51-2.5 mm.) 

dose 

0.098 (2l4 mm.) 

39 

1 

0 591 (38 1-15 inm ) 

A (4.70 mm.) 

(/> (d) 

EH 

a 

0 .591 0.3.T)(1.5 8*4 mm.) 

Close. 


ESI 

2 

0 7S7-0.276 (20-7 mm ) 

A (1 D9 mm.) 

0.787(20 mm.) 

40 

4 

0.276 0(7-0 mm ) 

Close. 

0.118(3 mm.) 


Q 

!') 0(0. 3.5 0 intii ) 

Close. 

0 1 <2.54 mm.) 

43 

1 

( 0 118(25.4-3 rum.) 

(2ose. 

0.118(3 min ) 

89 

8 

A -0 (2.11-0 inm. 

Close. 

A (2.11 mm.) 


Katio of 

FtH'fl 

to 

Sfttice. 

Feed 
to Tr. 
Hole. 

Tr.Hole 
to Roll 
Space. 


1.0 

2.0 

0.66 

1 0 
4.2 
2.1 
5.4 
1.8 













2 2% 

1,-1.47 

5 

1.9 

2.0 

4.6 
1.0 
1.4 
2.1 

1.6 
4.7 
1.0 
0.6 
2.6 
10.0 

2.G2 







jjyjjjl 

2.8 











3 

6 


7.6 

3.8 

1.0 

0.4 

1.0 

2 3 

2 5 
8.5 
1.0 

0.79 

8 

8 

12.5 

12.6 







. 


Ansrle of 
Nip. 

Deg. Mio. 


13 21 

16 57 

16 39 

13 m 
10 6 

14 36 

18 40 

7 21-8 18 
7 SO 
9 S9 
24 5 

11 38 

14 29 


89 

I 

83 


16 15 
8 16 

6 84 

18 41 

15 81 

18 n 

17 80 

9 40 

16 33 

11 17 

IS 48 

7 44 

8 36 

14 36 

4 16 


(«^0 9S1,OS9I,0 304(2.'>, 15, 10mm.). (0)0.1i>7,0 098(5. 2 ^ 111111 .). (o) 0.709, 0 591, 0.158 (18, ID, 4 mm.), (d) This 
trommel is seetiorial. (f) O.a, 0.18 (5.08, 3.30 mai.). (f) 0.591 (38.1, 16 miu.). 


fed to tlic rolls will just slip upon the points of contact and therefore fail to be 
cru slu'd. 

Table 49 showp the spiiees and the angles of nip used by the rolls in the mills 
visited by the author, the rolls being divided into ela.s.ses according to § 72. 

A study of the figures given in the table show’s angles of nip ranging from 
4" It)', up to 24° 5', with an average of about 13° 30'. The rolls having the 
lower valiie.s undoubtedly have more favorable angles of nip than is necessary. 
The lolls having the higlicr values arc able to work probably through some favor¬ 
able condition of tlu niineials referred to below. Between these extremes there 
mu.st be some standard angle of nip which can be referred to as safe for average 
conditions. Praeticaily the size fed ti. the lirst coarse rolls, that is to say, the 
rolls ft'd by the rock breaker, is j.retty w'ell settled by the practice in the mills to 
be inches ( 8.1 mm.) diameter, although this may not he theoretically the 
best size; thi're are then left the tw'o variables, namely, the diameter of the rolls 
and the space bctw’een them. Throwing out the larger values of those rolls 
which work under very favorable conditions, we may assume that the angle of 
nip, of rolls, 24 inches in diameter when set at i inch apart and crushing l|-inch 
lumps, is the standard maximum safe angle. And then by making tables we can 
see under what conditions the different sizes of rolls can realize this angle and 
to what extent under other conditions they will differ from it. This angle is 
practically 16° (actually 16° 12'). 

To exhibit the relations between the diameter of rolls, the size of feed and the 
space between the rolls, when the angle of nip is 16°, Tables 50 and 61 have been 
coDBtmcted. Table 50, for different spaces, gives the size of feed that will give 
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16°. It shows, for example, that 24-inch rolls set with J-inch space should be 
fed with lumps whose maximum size is not larger than 1.48 inches in diameter 
in order to get an angle of nip not larger than 16°. 

TABLE 50.— SIZES OF FEED WHICH WILL GIVE AN ANGLE OF NIP OF 16° ON DIF- 


FEKENT BOLLS. 


Piameter 
of Hulls ID 
Inches. 

Space Between Uw RoUs In Inches. 

% 

% 

a 

% 



0 

The Size of Feed in Inches to the Rolls will be 

36 

2.23 

2.10 

1.96 

1.84 

1.71 

1.57 


30 

1.09 

1.86 

1.73 

1.60 

1.47 

1.S4 


26 

1.H3 

1.70 

1.66 

1.44 

1.81 

1.17 

BiS 

24 

1.74 

1.61 

1.48 

1.88 

1.22 

1.10 


20 

1.58 

1.46 

1.32 

1.20 

1.06 

0.94 


]6 

1.42 

1.29 

1.16 

l.OIi 


0.77 

BIS 

0 

1.14 

1.01 

0.88 

0.75 

0.62 

0.40 

m 


Table 51, for the different sizes of feed gives the spaces which will yield an 
angle of nip of 16°. It shows, for example, that 24-inch rolls, which are fed 
with I J-ineh lumps, should have a space as large as 0.512 inch between the rolls 
to get an angle of nip of not over 16°. 

TABLE 51.— SPACES WHICH WILL GIVE AN ANGLE OF NIP OF 16° ON DIFFERENT 

BOLLS. 


Diameter 
of Rolls in 
Inches. 

Size of Feed to Rolls in Inches. 

ix 

iH 

1 

H 

H 

H 

space between Rolls, (a) 








































BimfiTiiiB 



9 

1.193 

.m 

.613 

.373 

.132 



(a) Where blank spaces are left the an^le of ntp is less than 16* with the rolls set close together. 


As previously stated, the mill man wishes to decide what reduction he can 
make with the rolls he has in his mill and at the same time keep the angle of 
nip within a favorable value. Table 52 has been prepared to enable him to make 
this decision at a glance. 

For example, suppose his rolls are 26 inches in diameter (left column); if he 
wishes to reduce his feed lumps to one-fourth their size (first line), then li-inch 
lumps (second line) wdll be the largest size that he can feed, which will yield an 
angle.of nip below 16°, namely 15° 7'. From this table he will see, that if his 
rolls are, 24 inches in diameter, he can crush from ]^-inch feed to i-inch space 
and still have practically the favorable angle, namely 16° 6'; and that if his 
rolls are 16 inches diameter, he can crush from 1-inch feed down to -J-inch 
space and still be practically within the favorable angle, 16° 6'. The table 
further shows the amount of reduction the different rolls can effect at one pas¬ 
sage of the ore; for example, 9-inch rolls cannot reduce IJ-inch lumps b^ow 
If-in^ space (angle of nip=:15° 21') without overstepping the safe angle of 
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nip, while 24-inch rolls can reduce IJ-inch lumps down to |-incn space (angle of 
nip=16° ()') and 3C-inch rolls can reduce 1^-ineh lumps down to A-inch space 
(angle of nip=ir>‘’ 12') without overstepping the safe angle of nip. The use 
of Table 52 for deciding questions of graded crushing is explained in § 99. 

The angle of nip may be studied mathematically as follows: 

Ijct h (sec Fig. 59) lx* the lump of ore to be eriisbcd. The I'lcinentary forces 
acting on E are li and T, which act normally and tangentially to the roll respcc- 


TAItl.H 52.—ANOI.KS OP NIP FOR VARIOUS SIZKS OP PEED AND VARIOUS REDUCTIONS 

ON DIFFERENT ROUES. 



Resolving each force into vertical and horizontal components we get 

ez=R cosine N. 
f=R sine N. 
c=0.3 R cosine N. 
d=0.3 R sine N. 

The forces e and d simply compress the l ump, being equal and opposite to the 

* Kent, p. 989, gives stone on iron bm 0.3 to 0.7. 
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horizontal components of the forces exerted by the other roll. The force f 
tends to move the lump up, while c tends to force it down. 

If N~r}° and /firrJOO pounds, then f—R sine A'=S.7 pounds, and c=0.3 E 
cosine iV=39.7 pounds, and the lump will go down. The action of the other 
roll is to double these forces f and c, so that the total 
force acting ujiward is 17.1 pounds and the total force 
downward is 5!».l jannids. 

If A'=:1.5“ and Ii’=l()() pounds, then i=U sine N^2!i.S 
f>ounds, and c=0.:i E cosine A^=SJ8.8 pounds, and the 
lump will still go down. 

H A^=1G° .'SO' and pounds, then f—E sine 

A^=28.4 pounds, and e=().;S E i-osine N=2H.r> j)ounds, 
and the lump will he almost in ecpiihbrium. 

If A'=2()° and A’=:10() pounds, then f—E sine N-= 
34.110 pounds, c=r0.3 E cosine A'^=a8.1!) pounds, and then the lump will tlv out. 

If the eoeflieient of friction is larger than 0.3 then the angle at which the 
lump is in e(|uilibriuni will he greater. Thus, for a coellieient of friction of 0.7 
the angle becomes 3.5°. I’ractically the coellieient would probably never even 
approach 0.7 in any case, 'fhe results of preccjding calculations are arranged in 
tabular form in Table 53. 



TAni.lS 53.— VALUE OP Fonons acting at niPPEUENT ANGLES. 


N. 

B. 

/• 

1 

2/. 

c. i 

2 c. 

1 2 c- 2/. 

Motion of 
Lump. 

Degrees. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

Pounds 

PtmndH. 


5 

100 

8.7 

ir.4 

20.7 

59.4 

42.0 


15 

100 

25.8 

51.0 

28 8 

57.6 

G.O 



100 

2H.4 

60.8 

28 5 

67.0 i 

0.2 


20 

100 

84.2 

68.40 

28.19 

56 88 I 

-12.01 

Up. 


The different minerals vary greatly in their coefficient of friction, as follows; 
(1) Minerals that are tough and tenacious, as certain condiinations of pyrite 
and siderite, reciuire a narrower angle of nip than brittle minerals like eaieite, 
barite and quartz, since with the latter there is a erundding of small ])articles 
which “sand the tr.aek.” (2) Minerals that arc slippery, as froz(m ore, graphite, 
anthracite and talc have a small coellieient of friction and therefore require a 
narrow angle of nip, while gritty rocks like sandstone have a high coellieient and 
can use a wide angle of nip. (3) When rolls are fed wet, adhering .sand may 
increase the coellieient of friction and make a greater angle of nip possible thaii 
when the ore is fed dry and there is no adhering sand. 

Eolls treat flat grains from a given sieve more favorably than they do the 
cabe or sphere. 

§ 93. Helation of Speed to Angle of Nip.— Theoretically, increase of speed, 
provided the reduction in size is little enough, can be made to almost any extent, 
but praetically, high speed with much redutlion will give trouble, owing to the 
refu.sal of the rolls to nip the lumps. The latter lly hack until a dangerous 
amount collects and then the rolls choke. 

This may be explained as follows: A lump of ore fulling under the influence 
of gravity from heights of 6, 12, 18 and 21 inches will have final velocities of 
340, 481, 689, and 681 feet per minute respectively. Now if the rolls are revolv¬ 
ing at 900 feet per minute periphery speed, then a certain part of the friction 
must be used to accelerate the lump of ore to this speed before it will be nipped. 
This amount will be grea+er or less according as the periphery speed of the roll 
exceeds the velocity of the particle by much or little. This use of a part of the 
friction for the purpose of accelerating the particle docs not in itself prevent the 
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particle from being finally nipped but merely delays the nipping. It is this 
delay during the time necessary for accelerating the particle, which prevents 
the nipping, for until aeecleiate<l to the speed of the rolls, the ptirticlo is neces¬ 
sarily siipiiing and this slipping smooths the particle to a certain extent which 
causes the coelliciont of friction to be reduced and thereby prevents the particle 
from going through. 

To further illustrate how reducing the periphery speed Riise.s the practical 
angle of nip anil prevents slipping, the author cites the following e.xperiences in 
three different mills: 

The Chicago & Aurora Smelting and llcfining Co., for crushing matte, uses 
belted rolls atxld inches, d'ho feed lumps arc to I:J inche.s in size and the 
matte comes in two forms, weathered and unweathcred; the latter has probably 
at least four times as many of the large lumps in it as has the former. The 
spaces used are ,} to § inch for weathered, J to ^ inch for unweathered. This 
gives extremes for angle of nip from 17° 0' to 19° Sii'. The matte will not be 
nipjied with less sjiaees, showing that this is maximum working angle of nip. 
One hundred ,and thirty revolulion.s per minuli- (.St7 feet jieriphery s])eed) scorns 
to give the hist result. They were formerly run at 300 revolutions (1,885 feet 
periphery speed), but they did not bite as well as at the present speed, and gave 
trouble from ehoking. 

In Mill SO, Mo. 1 rolls crushing pyrite with quartz and jiorpbyry, the latter 
more or less weilhered, when running at 103 revolutions per minute ((MO feet 
periphery speed) gave evees.sive wear. When reduced to 93 revolutions (.578 feet 
periphery speed), Ibey gave normal wear. 'J’hc excessive wear was undoubledly 
cau.sed by the .slipjniig of the ore which took place at 103 revolutions, but which 
did not 01 cur at 93 revoliilions. 

In Mill 33, No. 1 rolls when running at 35 revolutions ]ier minute (375 feet 
periphery speed) on galena and liniestone, became glazed; when reduced to 88 
revolutions (330 feet periphery speed) this dillieulty di.sappeared. The glazing 
wa.s very likely due to slipping of the ore, which ceased as soon as the speed was 
reduced. 

§ 91. Katio or THE Biameteu op Tins Iloi.is in this Tuommjsl to the Spacjs 
Bictweisn Tins Jtoi.i.s.—Since the wiilcr the sjiaee the more favorable is the angle 
of nip, and the greater the tendency to run freely and avoid thi- making of fines, 
the mill man will naturally wish to know how wide a space he can use between 
his rolls and still get a large proportion of tha crushed material to go through 
his screen. This ratio in Table 49 ranges from 0.33 to 13.5. Where it is less 
than 1.00, the rolls are either doing choke crushing (see § 97), or are not crushing 
finely enough to put the ore through the screen. Jn those cases where it is larger 
than 1.5, the rolls arc either running with loose springs or they are sending 
their product to a coarser screen than the size for which they are crushing. 
In so great a ringe of values it is impossible to get an average that is worth 
anything. The author is inclined to the opinion that 1| would be a safe value. 
For example, ^-inch space between rolls would crush finely enough for most of 
the product to yiass through a S-ineh hole in the trommel, because | inch is 
times i inch. This ratio may prove satisfactory for free crushing, but a much 
less ratio will serve for choke crushing. (See No. 6 rolls in Mill 91, § 105). 

§ 95. JoTJKNAi, Fkictton. —By this is meant the res'dance to revolving due to 
the pressure between the bearing and the shaft. '’J’here are several causes which 
contribute to increase this. 

(1) The weight of the roll, shaft and gear or pulley. 

(3) The reaction from the pull of the belt or gear. 

(3) The reaction from crushing the rock, which may include spring pressure. 

(4) Speed. High speed increases it, low diminishes it. 
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(5) Lubrication. Neglect of lubrication increases it, attention diminishes it. 

The resultant of the forces mentioned will cause a pressure between the journal 
and the bearing, and the loss of power due to friction will increase as this force 
increases. 

In this connection there are three considerations of importance to the mill 
man. (1) The lubrication is under his control and should receive his careful 
attention. (8) The spring pressure should never be allow'cal on the roll journal 
in coarse crushing rolls under fiee crushing conditions, except when neces.sary 
to do the crushing at the moment of choke feed or when a drill point or other 
hard object is passing through the rolls; this he can control by judicious use of 
shims between the boxes or of compression bolts. In fine crushing with choke 
feed it is necessary to have the full pressure of the springs to do the work except, 
of coiu’se, when no feed is coming to the rolls. (3) The area of the journal 
bearing surface is fixeu by the original design of the rolls. A large journal 
surface may not save anything on the loss due to friction, but it certainly will 
save on wear, and the life of the babbitt may be lengthened greatly by using 
large journals. Table 40 gives the practice in this respect. The table is not as 
conclusive as is desirable on one point, namely, while it. is certain that all the 
rolls using a space are held apart by shims or by compression bolts, it is not 
certain whether the rolls that are said to be set up close do or do not prevent the 
whole pressure of the springs from acting on the journals, llolls which have the 
whole pressure of the springs acting on the journals at all times are wasting 
power and wearing out babbitt faster than is necessary. 'I’able 37 gives the 
diameters and lengths of journals used in the mills visited, and in a few instances 
the estimated spring pressures. 

To demonstrate the importance of duly considering the size of the journals, 
the following computation has been made: In Mill 20, the roll, shaft, core and 
shell weigh about .'>,000 pounds, and we may a.saumc from the results given in 
§ 854 that the average normal pressure due to crushing is not over r),()0() pounds. 
The resultant of 5,000 pounds weight and 5,000 pounds crushing pressure on 
the two journals is 7,071 pounds. If each journal is 8X]0 inches or 80 square 
inches of projected area, the pressure on one of the journals will then be 
7 071 

- - - ■ a =44 pounds per square inch. But when a sudden rush of ore or a drill 
oUX Z 


point comes and the rolls are sprung suddenly apart we have momentarily acting 
upon the two journals a resnltant.amounting to 50,21!) pounds, due to the whole 
spring pressure of say 50,000 pounds, and the weight of 5,000 pounds. This 

yields ^v^;^=314 pounds per square inch. A 4X8-inch journal, the size used 

on some of the rolls, if doing the same work as above, would have pressure of 
110 pounds and 785 pounds per square inch respectively, doing to the other 
extreme, a 9X 16-inch journal, which is the largest given in the table, would, if 
doing the same woik, have pressures of 24 pounds and 174 pounds per .square 
inch respectively. When we consider that with rolls set close and with shims 
left out, the larger pressure is acting all the time upon the journals we see the 
importance of always using shims or compress ion bolts. 

Kent* says that it is almost impossible to have over 800 pounds constant pres¬ 
sure per square inch as the box heats and the oil squeezes mit. This shows the 
importance of using large sized journals. Vezin designs his rolls, used in Mill 
94, for a maximum pressure when the whole spring force is on, as w'hen a ham¬ 
mer head is passing through, of 864 to 533 pounds per square inch of projected 
area. He docs not expect a pair of 87X 14-inch rolls to have more than 300 or 


* ** Me»ch. Sog. Pocketbook,** 966. 
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350 pounds even when doing choke crushing on very hard rock. This amounts 
to a pressure of 60 tons between the rolls. Argali uses only 20 tons pressure on 
rolls of the same size. There is a decided tendency toward the use of larger 
Journals. 

The Gates Iron Works has succeeded by lengthening the Journals of rolls, in 
prolonging the life of the babbitt from 30 days to 9 months. Their tubular self¬ 
lining boxes make this possible. The ordinary rigid boxes, however, if length¬ 
ened would be liable to heat more and have their babbitt cut faster owing to the 
flexure of the shaft, unless the diameter of the shaft is increased at tlie same time. 

It is hardly necessary to add further that it is important to have the Journals 
well protected from dust and to keep them well oiled. 

§ 96. PowKu.—Power used by rolls may be divided into two parts, that used 
in crushing, and that used up in fri<-tion. 'I'he former depends ujion the hard¬ 
ness of the rock, the amount of ore fed, the specific gravity, and the amount of 
reduction. The latter includes journal friction and friction of tlie gears when 
used. An approximate idea of the power required is given in Table 51. For the 
capacities of these rolls see Table 34. 


TABLE 54. —rOWEK FOB BOLLS. 


Mill No. 

Roll No. 

Horse 
Power. Oi) 

Mill No. 

Roll No. 

Hors© 
Power, (a) 

16 

1 

4 

30 

2 

6 

17 

1 

4 

HO 

8 

10 

21 

1 

10 

30 

4 

4 

21 

2 

10 

81 

1 

10 

22 

1 

20 

81 

2 

7 

22 

2 

20 

81 

3 

? 

25 

1 

8 

83 

1 

8 

25 

2 

6 

82 

2 

7 

28 

1 

9 

82 

S 

4 

26 

2 

9 

82 

4 

4 

28 

1 

9 

85 

] 

10 

28 

2 

6 

85 

2 

16 

SO 

1 

10 

42 

1 

10 


(a)These are all estiiuat*^, except lliose ol* Mill which were messureU bj indication the engine. 


The manufacturers use certain estimated values for the power required by rolls 
when planning the engines for mills. For example, the Colorado Iron Works 
all(<w 12 horse power for their 27X14-ineh rolls and 8 horse power for their 
20X12-inch rolls when crushing medium hard ore. Fraser & Chalmers make 
allowance for rolls as given in Table 55. They are probably correct for a 
moderate spring pressure only. 


TABLE 55.— POWER FOR FRASER & CHALMERS ROLLS. 


' Size of Rolls. 
Inches. 

Horse Power 
Allowed. 

Size of Rolls. 
Inches. 

Horsepower 

Allowed. 

9x9 

3 

20x10 

6 

12x12 

8 

24x14 

6 

10x10 

4 

20x15 

6 

18x10 

4 

30x12 

7 

20x10 

6 

86x14 

7 

22x10 

5 

36x16 

7 


In regard to the belts and pulleys, however, rolls arc furnished with sizes which, 
according to Nagle’s formula,* can safely transmit two to four times the power 


* Kentf ** Mech. Eng. Pocketbook/* p. 878. 
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named. This excessive width of belt and pulley are to provide for the increase 
of power demanded by a moment of choke feed, a drill point or other hard 
object. With two pairs of rolls, one of wliieh is doing coarse crushing and the 
other fine, the former running at one-half the speed of the hitler, the leverage 
of the belt over the resistance to crushing must he twice as groat in the former 
as in the latter, the jiower used being the same for hoth. 'J’his may he obtained 
by doubling the width of the belt, by doubling the diameter of the pulley or by 
putting in gears. 

For elaborate results of tests for power used by rolls see Von Ileytt’s work in 
Table 177 and § 351. 

§97. Quality of (Iuusiiing by IIoi.ls.— This d('nends to a considoralile ex¬ 
tent upon the way that rolls are run. llolls, when run slowly upon a given 
quantity of ore, may be so erovvded that tbe fine particles cannot tumble away 
from the coarse as soon as sulliciently broken. In eonsequenei'. such line particles 
may be .subjected to still furtlier crushing due to the action of the ])arlieles one 
upon another. This condition will be called “choke” crushing. If now the 
speed of thi' rolls be gradually increased, the jtereenlage of iinc.s will gradually 
decrease until a speed is reached at which the jiarticles are treated individually, 
and there is plenty of room for the crushed line ore to dro|) awaiy from the coarser 
part under tlie acceleration of gravity ami so escape further line crushing. This 
condition will be called “free" crushing, and it is Ihe condition under which the 
maximum coarse and minimum fine material will be madi>. Further increase of 
speed beyond this point gains nothing. In fact, it may cause the yiereentage of 
fines to rise again, since a given lumj) is criisheil in a shorter period of time and 
hence shattered more. 

The speed at which “free" crushing begins depends mainly upon two things: 
(1) The rale at which the ore is fed to the rolls; fijr exanijile, the faster it is fed 
the higher the speed at which “free" crushing begins. (3) 'I’lie anioiint of re¬ 
duction in diameter of the grains by one yiassage through the rolls; for example, 
to do “free” crushing, rolls will ha\e to run faster when crtishing 1.1 ineh lumps 
to J inch than when crushing the same to :} ineh wdtli like rate of feed. 

Kolls acting under “free” crushing conditions stand jire-eminenlly at the head 
of the list among crushers for producing a large proportion of coarser sizes with 
a small proportion of lines. “Free” crushing, when practicable, is the more 
advanlagi'ous of the two methods. It cannot be used, however, for crushing very 
line, on account of the inipracticability of maintaining space small and the sur¬ 
faces true. For fine xvork the feed must, iherefori*, be increased so as to produce 
“choke” crushing, and even this will not give a high efficiency. For c.xample, 
the author cites the finest pair of rolls in a cyanide plant crushing to 40 mesh. 
These rolls are set up so tluit they do not quite touch and when crushing they 
stand from j to ^ ineh apart undi'r the full pressure of the springs. The amount 
that is returned to them, that is, the oversize of a 40-inesh trommel, amounts to 
at least G(>% and probably 75% of what comes to the trommel. 

Crushing with rolls set close and springs at moderate tension is a method often 
adopted for crushing a little eoarsiw than the space between the rolls would indi¬ 
cate. The product, howe'-er, will be uncertain, for if the rolls are fed faster it 
will be coarser. Moreover, constant working of springs shortens their life and 
increases ywear of boxes in guides. Crushing with moderate reduction tends 
toward maximum coarse grains, minimum fines, lunl this seems to be the line 
which deserves most attention. Crushing with great reduction tends to pulver¬ 
ize and to increase tbe proportion of fines. 1’his (yuestion of fines will appear 
again under “Capacity,” § 98, and “Graded Crushing,” § 99. 

A few examples of sizing tests of the product of rolls are here given. They 
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are not of great value. The conditions under which they were obtained are not 
known, and these conditions are all important for the interpretation of the result. 
For we may have rolls crushing with: 

(1) Small reduction or large reduction of size. 

(2) Loose springs or tight springs. 

(3) Shims or no shims. 

(4) Space or no space. 

(5) Favorable or unfavorable angle of nip. 

Gradations on all the above five lines affect the percentages of coarse and fine 
grains. 

At Alill 2fi, flolomiic with disscminnlcd galena after ]iassing through a Blake 
breaker set at inches is erusbed by Ko, J rolls wbieb are 30 inches diameter, 
14 inches face, set close, making bj revolutions ])er minute and therefore doing 
choke crushing. The jiroduet yields; Through l.I.SS on tl.-'id mm., 7% ; through 
9.5.3 on 0 Turn., ; through (> on -I mm., 15.1% ; tlirough 4 on 3 mrn., 11.0%; 

through 3 mm., 50.7%; total, 100.0%. 

No. 4 rolls (d' Mill 30 are 2-1 inches diameter, 14 inches face, mak(' IH revolu¬ 
tions per niinnle. are set close iind treat 30 Ions ])er 24 liours of ore containing 
quartzite, siderile, galena, etc., (fine jig miildlings). The feed has all been 
through 8 mm. and the product goes lo a 5-min. trommel, the oversize being re¬ 
turned. Sizing tests of the feed and product yielded: 



Feed. 

Prortuet 

Througb 8 mm. on 7 mm. 

IVr (lent. 

0 r>:v.) 

Per Cent 
(1 5HH 

/ ixini. on 5 mm. 

89 704 

13.380 

5 mm. on 3uim.•. 

44 478 

2-J 721 

8 mm. on 6xnosh. 

3.4K4 

2 6^4 

** 8 mosh on 10 iiifsh. 

0.979 

a.mti 

*'• 10 m<-8h on 10 mesh. 

8 988 

14.311 

** 10 mesli on ijo mesb. 

•* 80 mo.slMin 21 mesh. 

2.mi 

0.230 

15.841 

5.770 

" 84 mesh on >M) mesh.... 


5.878 

** 80 mesh on 40mesh.. 

V0.127 \ 

8 51.3 

** 40 mesh... 

i 1 

C.971 


lOO.lHIO 

PHI.OOO 


A sizing test was made on Newfoundland chromite in a si'rpentine gangue 
that had been crnsbeil through a 20-Tnesh screen by successive [lasses through 
rolls at the Massachusehs Institute id' 'IVehnology. The rolls were 9X9 inches, 
run at HO revolutions per minute, set close, crushing material from a breaker 
all below I ine>’ i'; diameter. The product yielded: On 20 tiuvIi,* 0.41%; 
through 20 on 30 mesh, 20.55%; through 30 on 40 mesh, 14.84%; through 40 
on 50 mesh, 12.39%; tlirough 50 on 00 mesh, 9.87%; through 60 on 80 mesh, 
9.05%; through 80 on 100 mesh, 10.03%; through 100 on 120 mesh, 3.69%; 
through 120 on 140 mesh, 4.08% ; through 140 mesh, 15.25%; total, 100.06%. 

(lo.vheath ore containing ehaleopyrite in a siliceous gangue and assaying 4.44% 
copper was sized by Mr. R. G. Hall, at tbe Massaehnsett' Institute of Technology. 
The ore was passed tlirough a Blake breaker, set at 1 inch, then through a Gates 
breaker, set at J inch, and finally through a pair of 9X9-inch rolls, set close. 
All below 3 mesh was sifted out after each operation and only the oversize was 
crushed further. The final product yielded: 


• Fot actual skee of boles in these screefis* see Table SSB. 
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Weight. 

Assays in 
Copptir. 

Through 3 mosh on 4 niosh («) .. 

I’er (’flit 

41 ir 

Pfr (>*nt 

3 13 

*• 4 on f) inoKii. 

10 00 

4.:w 

'* 5 on H iiicsli. 

ijl.80 

4 43 

“ 8 mesh on 10 iiiHsh... 

7.00 

4 54 

** 10 mt*Hh on 14 mesh. 

s.ar 

4.01 

14 iiiHHti on 18 mesh. 

1.17 

4.70 

18 mesh... 

If) 18 

7.15 


KHl 09 



(«) Fi>t‘ u<‘tual size of lio|«*s in these sereeiis, see Table 25H. 

With t.ho saino ore, iiiiddlitips iind lailitiKs of hetwccii d and 8 xiiesh and 
assii^diig 3.8% eo])])er were enished l)y sueee.<sive j)asseH to go through an 8-inesh 
sieve. The pro<!nel yielded: 



Weight. 

Copper 


iVr (’ent. 

Per (Vnt 

Tlirough 8 on 10 mosluo). 

10 on 14 niH li..... 

y:.8 

2.K 

23 2 

2.0 

** 14 »ni 18 mesli. 

13.0 

2 6 

** 18 mesh. 

35 1 

100.1 

S.4 


(I/) For actual sizes of bolos in tlicse screens, see Table U.VS. 

Sahlin®’ rejiort.t that I’ort Henry magnetite ore crushed by breakers and rolls 
to pass through a lt)-nie.sh (().0'(.5 inch) sereen yielded; 'riirough 10 on Hi 
mesh, 31% ; through Hi on 34 mesh, 31%;; through 34 on 10 mesh, t.!l%;; 
through 40 on (!0 mesh, 11.5%;; through 00 mesh, 30.0%>; loss, 1.1%;; total, 
100 . 0 %;. 

Kroin-" says that when crushing Hurt Henry magnetite ore through 10 mesh 
only 3|% of the jtroduet would pas.s through 100 mesh, and when crushing 
through 10 mesh only (11%; would pass 100 mesh. 

At the (ioddes & Bertrand mill, Nevada, Kroni rolls crushing silver ore yieldeil: 
On 0.8 mm., 33% ; through 0.8 on 0.7 mm., 5%/; through 0.7 on O.ti mm., (1%;; 
through O.ti on 0.5 mm., 5%; through 0.5 on 0.4 mm., 8%; through 0. t on (1.3 
mm., 7%; through 0.3 on 0.3 imn., 0%.; through 0.3 on 0.1 mm.. 11%; 
through 0.1 mm., 37% ; total, !()()%■. In jirevious tests there has been no sjieeial 
ratio for the sizes of sieves used. In this it will he noticed that the sievi* scale 
has an arithmetienl ratio. 

Mr. (1. W. 0oodale““ gives the following .sizing tests on Butte ore which had 
passed through a Blake breaker, rolls and limiting screen. The sieve scale in 
this test has a geometrical ratio of 1.4. 



Weight. 

Silver 

Assay. 


Per Cent. 
9.08 
84.70 
16.21 

11 70 
7.42 
11.44 
9.60 

100.00 

Ounces 
Per Tc». 

18.7 

14.8 

18.9 

14.1 

15 3 

17.5 

28.6 









For further elaborate sizing tests of the product of rolls under different condi¬ 
tions, see Table 178. 

§ 98. Capacity or Quantity Crushed by Rolls. —The capacity or the, quan- 
|ity crushed by rolls is the number of tons that can be crushed from a given size 
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to pass through a certain size of hole in a given time. In free crushing, pro¬ 
vided the spring is sufficiently stiff to hold tin; rolls to their work, provided also 
that the angle of nip is favorahle, the cii])ar'ity is dependent upon flic speed, the 
width of face and the space or distance the rolls arc set apart; also perhaps to a 
slight extent in slow moving rolls upon whether or not water is feet to aid the 
discharge of the crushed material ; where the cajaieity is given in tons the specific 
gravity of the ore will also atfeel it. In choke crushing the capacity depends 
upon the measures given above and upon the ])ressure. Tlu; greatei’ the pressure, 
the greater will ho the reduction in size; for example, in Mill 91 the pressure 
upon file No. (I rolls is governed liy ])eriodical sizing tests of the crushed ore. 
If the rolls are making too much oversize more pressure is put on. The capaci¬ 
ties of ridls in the mills are given in Table lit. 

To illustrate the capacity of rolls, let the reader imagine that the rolls are 
rolling out dough in the lorm of a long ribbon. It is clear that if the rolls are 
speeded to twice tlie rate, the ribbon delivereil per minute will lie twice as tong; 
again if tlu' faces of tlie rolls are twice as wide, the ribbon will also be twice as 
wide; and, tlnally, if the rolls are set twice as far a]iart, the ribbon will be 
twice as lliiek. Either of the changes will have increased the (piantity of dough 
put through to twice tlie amount. In dealing willi ori", however, we have a non¬ 
plastic material, tlii’ voliiim" I'f mixed coarse and line broken ore bedng about one 
and three-fourth times the volume ol the same w'eight of solid ore. In other 
words, a given volume of broken ore widglis only about .'>7'% of what it would 
if it were solid. Kroni Ibis it follows that the maximuni wtiich can be obtained 
in praetiei" is only about of tlie Ibeorefieal solid riblion which would be 

obtained if the ore were plastic. The compression of the ore by the rolls would 
tend to raise this figure soniewliaf, tint on the other hand the impossibility of 
obtaining i .i exactly uniform rale of feed which would correspond to the maxi¬ 
mum riblion would tend to lower it. It will lie of interest to note how near the 
authorities and mill ueii approach this figure. 

Stufz“‘ (piot(‘s I’ernolet as saying this factor should he ffO to ;fr>% of the full 
ribbon. Sliitz himself says that his experience has been that dd'/e is the proper 
factor, 'fable T.l! s'lows the firactice ns caleiilated by the author from the mills 
visited. 


TABT.E flfi.—Tlll!OnUTrr;VT, AND ACTUAL CIIITSTIINO RIBBONS. 


Mill 

No 

Rf»n 

No. 

CalculnUt] 
Ilibbon 
|ier Minute 

Actual 

Hiltboii 

per Mi.julc 



Cii. in. 

(‘u in 

10 

1 

10.643 

3,299 

15 

1 

80.479 

440 

16 

1 

46,512 

600 

17 

1 

46.7.59 

49.') 

18 

1 

17.812 

1,099 

20 

1 

41.619 

1,009 


2 

22,609 

660 

21 

1 

23,750 

J («V140 


2 

14,108 

275 

22 

1 

16,669 

2.199 

24 

1 

6.595 

R25 


2 

6,089 

1,P39 

25 

1 

2,650 

1,154 

26 

1 

9,500 

1,099 


s 

9,500 

1.099 


8 

20.8C7 

2.199 

27 

1 

88,850 

1,649 

28 

1 

5,717 

1,055 


8 

7,272 

264 


I 

Fact«ir=?^ I Itt.lls 
tilt' Achmi I Ket 
in of Ihti iOlofiforj 
('iilcuhiU'tl. iSpaml 


% 

81 0 
1.4 
1.4 
1.1 
6.2 
2.0 

2.9 
(0^1.9 f 
(a)2.8f 

1.9 
IS.O 

9.6 
80.6 

48.8 
11.6 
ll.G 

10.9 
5.0 

18.5 

8.6 


Liii 

No 

Koll 

No. 


1 


2 


4 

81 

1 

82 

1 

1 35 

I 

40 



2 


.3 


4 

42 

1 

43 

1 

86 

1 

87 

1 

68 

1 

89 

1 


2 


8 

90 

1 

02 

1 


8 


raleiilated 
Ufl)»ion 
ptT Minute. 


Actual 
Uibi’on 
Ipor Minute. 


Cn. In. 
81,687 

13.722 
7,341 

40,714 
5,453 
87,981 
5,643 
2,921 
5,843 
, 10,680 
6.529 
10,686 
18,002 
1.5,683 

83,750 

12.723 
14,137 
14,137 
66,000 

2.864 

9,046 


Cu. In. 
8,024 
715 
830 

8.199 
6.598 
8,298 

650 

825 

560 

1,870 

1,376 

1,090 

82r> 

1,099 

825 

2.199 
2,199 
2,199 


276 


Faotor=^ 
the Actual 
is of tlie 
Calculated 


0.6 

6.2 

4.6 

5.4 

( 0)121 -0 

8.7 

9.4 
2B.8 

9.4 
16.7 
24.9 
10 8 

6.8 
6.9 

8.5 

17.3 
16.6 
16.6 

1.0 

84.3 
8.0 


(o) Thom two flgureo are tor hard and aott ore roopecavely. (6) This roll io probably run with a looao aprlng. 
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In preparing this table the rule used for space rolls is: 


ixiooxa.ooo_ 

i7i-10X0.03(i()8!)X3.5 
/ X^xTTxrXB 
theoretical, where i 

<=toiis treated in 24 hours. 

]00=faetor to eliaiigc* to per cent. 

2,()0()=nuiul)er of ])ouTids in a ton. 

1.4 10=number of minutes in a day. 

0.0y()O8!»—weiglit in pounds of a eubie inch of water. 

8.5—assumed specific gravity of ore. 
l=length of rolls in inches. 
ir=ratio of diameter to circumference=3.1416. 
(/—diameter of rolls in inches. 
r=revolutions per minute. 
i'=the space the rolls were set apart in inches. 
/X,TX(/XrXs=:eubic inches in calculated ribbon. 

/X 2,000 


per cent, actual ribbon is of 


1,440X0.08(!080X3.5 


=cubic inches in actual ore ribbon. 


In making the computation for rolls set close, the diameter of the boles of the 
limiting trommel was substituted for the space x, for since the tbeorelical value 
of i- was zero, no ore could go through the rolls until they were sprung apart. 
The diameter of the bole in the trommel S(>(’ms a iiaturai figure to use. The 
great variation show'n in the table is due to the fact tliat practice has not been 
guided by a muform rule in this matter. An inconsistency occurs in Mill 32, roll 
No. 1, which, if the (|uantity (pioti'd by the author is noi s(>t too high, could only 
exist with loose springs and the rolls sprung ajiart most of the time. It is prob¬ 
able also that other rolls are run with loose springs, in which ease the (lerceut- 
ages (luoted for them would be high. 'I’lie sjiaees given are sut)|)osed in every 
case to be the beginning set, which W(>ars to a little larger before ihe rolls are set 
up again. 'I’liis also would make the percentage in the table high. The tons 
per 24 hours used in the table are everywhere tlM> estimated work actually done, 
not the amount that in the o])inion of the mill owners could be done. 'I'he rolls 
are thought by their owners, in nearly all cases, to be worki'd somewhat below 
their capacity. This would tend to make the (lereentage in th(‘ table low. 

For 24X14-ineh rolls revolving 75 times ])cr minuh', crushing l.J-in(4i lumps, 
set at ^ inch. Fra.ser & Chalmers estimate the capacity to be 240 tons in 24 hours. 
This gives an actual ribbon which is (i.7% of the theoretical. 

In regard to the capacity of rolls, the f(>eding is all important, an even feeder 
apportioning the ore evenly to the roll surfaces, an uneven feeder overcrowdiaig 
the rolls at one moment and allowing them to be idle the next. 

In ordi'r that tine rolls may have even a moderate > apacity when under free 
crushing conditions high speed is iiccessary. 'this is clear from the ribbon theory 
which shows that capacity is proportional to Ihe space at which rolls are set. In 
praeti(!e, however, fine rolls are apt to be run on the choke crushing basis with 
the space widened bv the thickened ribbon of ore, and in this way the demand 
for high speed is somewhat lessoned. 

When the reduction is not too great and the angle of nip is advantageous, a 
soft granular mineral should have no advantage in capacity over a hard brittle 
one. But, on the other hand, when the reduction is great and the angle of nip 
disadvantageous, the hard, brittle mineral will jump into the air after the first 
contact and waste time, while the soft granular mineral will go through in spite 
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of thn fact that the rolls seem to be working at a disadvantage. The granular 
mineral nsnally breaks easier since its fracture is generally the fracture of that 
material only which cements the grains, while the fracture of a compact, flinty 
or vitreous specimen is the fracture of the wliole mass. 

At th(‘ dry crushing plant of ttu! Metallic Extraction Co., at Florence, Colo.,"’ 
there is a Blake breaker, a Blake multiple jaw breaker, and three pairs of SJOX 
15-ineli rolls in series, each making 100 revolutions per minute. The first pair 
of rolls is fed with 1 to G-mesh stuff containing also some material coarser than 
4 mesh, the second with G to IG-me.sh stutf and the third with IT) to d0-mesh 
stuff. 'rh(‘re are screens afler each jjair of rolls. 'J'he ore. which is hard 
andesitic breccia and ])honolite, is crushed to 40 mesh at the average rate of 185 
tons per 81 hours. At times tluy crushed KiO tons per 84 hours. 

At Mill 04, for the arrangement of which sec Chapter X.\., the ore is reduced 
from 1 inch, through 80 mesh at the rate of 7,'> tons in 81 hours. 'I’tie plant is 
run much below its full capacity, however, and it is estimated that it can crush 
180 Ions in 81 ho\irs. 

00. Cu.vuui) (hii sitlNU. —In crushing rock hv rolls we may either reduce it 
by one passage Ihroegh rolls set close, making llie whole reduction at this one 
time, or tiu" rock may he jmt through two or more pairs of rolls in series with 
.spaces graded to suit the work, the space in the second finer than that in the 
first, Ihe third liner lhan the second, and so on, the lines being sifted out between 
each crushing. I’he former method is called single-stage crushing, the latter is 
called graded crushing or crushing by stages. 4’he effect ufion the rock crushed 
is that ilie greater Ihe number of stages the less lines to hi* lost in the concentra¬ 
tion and greater saving of values, also cuiiacity and economy of power. 

Table .58 shows how graded crusliing may he planned. Kor cMimple, 20-inch 
rolls reducing one half will crush I J-incIi siiitf down to J inch with ]-inch space 
and angle of nip of 1.5" 10', and IG-iiich rolls following will crush j-inch stuff 
down to J imh with ’j-inch space and 18" !)' angle of nip; while OO-inch rolls 
would he reipiircd t bring i j inch down to J inch at one jiassage with iJ-inch 
space and 1,5" 81' angle of nip. Of these two arrangements the former will 
keep the roll shells in lietter condition continuously, will have less wear and tear, 
and Ihe two niachlins, each making a reduction of one-half, will make mueh less 
fines than one maeliiii.' crushing to one-fourth the diameter. The first cost will 
not he materially lessened by using the two small machines to ruplaee the one 
large one, hut, the (xiwer will be less for equal capacity. 

From 'I'ahle 19 it appears that in rolls of Class I. the maximum lump of the 
feed ranges from g; 1.5 to 17 mm. and the maximum lump of the product from 
30 to 8.11 inm. 

Class II., feed, .38.1 to 8.,50 mm.; product, 16 to 1.47 mm. 

Class HI., feed, G.S..) to 13.7 mm.; product, 85 to 8.11 mm. 

Clas.s IV., feed, 38.1 to 8.11 mm.; product, 38.1 to 1.58 mm. 

By inspecting lolls of (tlasses I. and 11., it is clear that the feed is largely of 
til! coarsest size and tapers downward, while that for rolls of Class III. is largely 
of the inlermediate sizes, with a few scattering lumps of tlu! larger size which 
have passed by the ends of the rolls. To set the rolls with an angle of nip that 
is suitable for this product, one must either suit the few large lumps and slight 
the greater quantity of smaller sizes, which will he a waste of emshing eajiacity, 
or set the rolls to suit the smaller sizes, in which case vney will be unsuited to 
the larger ones. 'Phis latter plan can bo done where large rolls are used. But 
if the advantage of graded qrushing is sought with the lower coat of small rolls, 
it seems to the author that the sizing apparatus should he so arranged as to return 
the few larger lumps to the rolls of Classes I. and II., and allow the rolls of 
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Class IIT. to havo an even product to crush; in other words, make each roll clean 
up its own oversize. 

I’he great irregularilie.s in these tables show clearly that whili! an appreciation 
of the advantage lo l)e derived from giaded crushing is on the increase in this 
country, lh(> mills have not yet fully adapted themselves lo it. For e-vample, note 
the rolls of Class I., the feed of >111011 in some cases contains lumps ranging all 
the way from (i.'l.S mm. down lo 0 mm. They do not make the rolls of Class I. 
and in .some cases the rolls of Class 11. clean up the oversize of their trommels, 
and they feed much coar.se and line stuff mi.ved together to the rolls of Class TV. 
or the middlings rolls. 

§100. Cost or Ilni'Ains o.v Itoi.i.s roit OniKit than WiiARiNO Parts. —The 
figures obtained from ihe mills are .shown in 'I'ahle o7. 


TAIll.K .57. —REI'AIIi.S EOI! ItOLI..S. 


Mill No. 

Roll No. 

Cost per Your 

Cost pnr Ton. 
Cents. 

31 

, 

$280 

0.400 

81 

2 

250 


28 

1 

125 


28 

2 

50 

0.595 


§101. Cost of Ckushi.no nv Koi.i.s.—It .seems to the author that 100 tons 
per 81 hour.s is a good average of the work done by rolls. This would require 
about 10 horse power. Th<‘ various items of cost for these rolls are as follows: 

Power, l.liO cents per ton*; allemlance, 1..50 cents ))er tonf : wear of roll shells, 
0.03 to 4.00 cents |)er tonj ; repairs, oil, hahhitl, etc., 0.37 to (MiO cents per t()n§; 
total, 3.19 to 7.10 cents ])er ton. 

These figures do not include the co.st of truing roll shells, as the author hius 
no data on this. Moreover this item is believed to be nnnei'cs.sary whei'e jirojier 
material is used for shells and the rolls art' jiroperly run. These figures are very 
general and are given more to indicate the separate items to be considered than 
to give accurate figures on cost. Thus in Mill 91 it lakes no more men to look 
after eight pairs of rolls than after four pairs. Again, the specilie gravity and 
hardness of the ore treated will make a great difference in the power and eajiacity, 
as show'll in § 33.5, and consetpienlly in the cost. 

C. W. Cioodale“" gives the cost of crushing tailings at the Colorado Concentrator 
as 4.6 cents per ton, which includes the e.vpen.ses for screens and elevators as well 
as rolls, but does not include power. 

K. Hunt" gives the cost of crushing by Cornish rolls in Cornwall. The rolls 
are 31 inches diameter and 19 ijiehes face, make 8 revolutions per minute, and 
crush 40 lo 60 mm. stuff down to 0 to 6 mm. at the rate of 60 tons ])er 24 hours. 
The two shells weigh 2,700 pounds when new, 1,600 pounds when discarded 
and last 3,000 tons. The items per ton were as follows: Roll shells, I J pence; 
labor, 2i pence; steam power (5 horse power), 5 pence; wear and oil, 1 penny; 
total cost per ton crushed, 9^ pence=19 cents. 

SrjscTAi, Forhs of Rous. 

Special forms of rolls have been designed for both coarse and fine crushing. 

§ 102. Roli.s W'lTii Sluoohrs and Knobs. —The No. 1 rolls of Mill 91, shown in 
Pigs. 60, 61, 63a and 626. are 6 feet in diameter w'ith 6 feet face, with flat topped 

• ABsuminj? tho cost of a*fiopse p<wer to be 3 i(» pt^r year of S06 days, of 24 Iioups each. (Kent’s Mech. 
Eog. Pocketbook,” p. 'W.) 

i Assuming that labor costs per man por shift of 19 hours, and that one-quarter man is required per 
shift. - % Taken from Table 85 of roll shells. $ Taken from Table 57 of repairs. 
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Sectiou. 

-SIHTIHH) OF DUIVINH; HIUSON'S giant nOLLS. 


conical knobs a, 2 inches high and 3 inches in diameter at the top, cast upon the 
surface in longitudinal rows, eight knobs in a row. One roll has also placed 
diametrically opposite each other, two longitudinal rows of sluggers 6 six in each 
row. These are striking pieces 4 inches high and they are fruslruuis of flattened 
pyramids, the upper bases of which are 6X3 inches, and the lower are about 
33X6 inches. They are curved to conform 1o the circle of the roll. These slug¬ 
gers and knobs are cast upon segments c which are bolted to the permanent cores. 
The segments are 3 —X 

inches thick; those for / \ 

the sluggers are 33 I J 

Indies wide by 36 

inches long. Two of _^- [—st^ 

these (ill the length of 

the roll. The knob seg- Z' /x xf | 

ments are 11 inches li ^ (( Y\. 1^1 

wide and of two lengths, | ( ( ) V-'" /(( ■^'vf ) 1 S i ^ 

37 and 4.5 inches re- \\ II ^ -llW 

spectivcly, which alter- // 1“ 

nate, and so break joint | 

around the eirelc. 'I’ho___ f. ---^- ^ - vmmm 

slugger roll has 1(i knob Section, 

segments and two sing- pio. GO.—sihtiiod of duiving kiuson's giant uolls. 
ger segments. The oth- 

I'r roll has 20 knob g®*''"” _/Wooam w»i.er. 

segments; iill of (he yej]J | 

segment.^ are of chilled / ^ ^ ^VAVoodeTiWMior. 

cas( in..,. It is csti- XJ 

mated that the slugger iilFnf 1 Ttlltej 

plates ivil' wear for —-111-— 

400,000 tons. ' _ ‘ 

Iho rolls are 7 feet —fii.low ulocks Foil fdison's giant uogls. 

3 inches center to cen¬ 
ter, making tlic.n 10 ^ — 

inches apart bctwemi ®» 

the ends of the knohs, .® 

or 14 inehes apart be- 1 (^ 

tween the surfaces. .-1^ ®,®a 

They make 150 revolu- ^ 

tions per minute, which ®."®. 

corresponds to a iieriph- 

ery speed of 3,327 fern ®.l ‘t'. 

per minute. The weight FIG. 636.— face OF 

of the two moving b hole (unbolted), 

part.s is about 167,- Fio. 03a.- -section of showing sluggers 
000 pounds, 'i’he jour- one of Edison’b giant rolls. and knobs. 
nals d are 30 indies 

long and 16 inches in diameter and made in the form of thrust bearings. The 
shafts are made of horseshoe hammered iron. 

Driving pulleys e are placed on both ends of both roJ shafts. They are 6 feet 
6 inches in diameter and 34 inehes wide. They can run loose on the roll shafts, 
but do not do so until they have overcome the frictipn of the band brakes f 
which connect them with smaller pulleys g 3 feet diameter, 4 inches face, keyed 
to the shafts. The band brakes are held up with springs h of 3,500 pounds ten¬ 
sion. The friction is estimated at 500 pounds, which is the driving force upon 



^ @ 

@ 

X,_^~\Vooden Wasbor* 

i 
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FIG. 61.—TILLOW ULOCKS FOR EDISON's GIANT UOLLS. 


FIG. 03a.--SECTION OF 
ONE OF EDISON’b GIANT ROLLS. 


FIG. 636.-FACE OF 

ROLL (unrolled), 
SHOWING SLUGGERS 
AND KNOBS. 
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the roll. ThiK force is iiisiiflicient to start the rolls; they, fliercfore, have to be 
started with a bar. The driving; is by a s|iecial design nsing a Ii,!,d!teiiii)o pulley 
which euables botli ndls to be driven by the .same belt, which js made of six-ply 
rubber. 'I’lic pillow blocks are Jilaccd'upon ^-iiides i and are held logelher by 
two powertul lioK.s j one abo\e and one bidow. 'J'he holts have wooden vasiiera 
and lock nuts at each end; the piljlow bloi'ks are held apart by .shims. 

The average ski|) load in this mill weighs (hi toms. 'I'liis'is fed to the rolls 
over a roller feeder. 'I’lm rolks can lake an S-ton lump of rock, bid the maximum 
inmp that they jiractically pet weighs 5 Ions, d’he.-e are broken hv the blow.s of 
the shipper jilales to i-ton lnm]is. or ^-foot cnhc.s, and these himjis are in turn 
seized and crushed between the knobs. The blow of Ihe shipper is ('(luivalent 
to (hat which would be piven by a weiplit c(|nal to (hat of the roFis, f.dlinp nearly 
do feet. The capaedy when run at l.aO revolutions per minnic is .‘iOO tons per 
hour, or r,-:IOO tons per I hours. When runninp cmply at I.V) revolutions they 
consume .at) hor.se power. With (he feedinp of every .skip load, however, the 
speed I, s reduced to revolutions on an aveiape. and the full Iransmiltinp power 
o( th(' lour band brakes, or ,S0 horse power, is called npim. 'I’bis period of re- 
tardinp ami aeecderalinp is esiimah'd to be aboul one-sivth of (he time, makim-- 
the averape tolal power used by llie ndls vvluni eru.shinp .'iOd tons per hour, to 

h(‘ .').■) horse power. 

'I'liese powers wine 
measured with amme¬ 
ter and voltmeter on a 
imdor. 

§ Id;!. Itoi.ns WITH 
Knoii.s. —In Mill hi, 
Ihe ,\’o. ‘,1 rolls are 4 
feet in diameter with .5 
feet face and have 
knobs 11)1011 (hern 'i 
inehe.s hiph, like (ho.se 
ol (be .No. I roHs, only 
smaller. in fact the 
whole inoiintinp of 
PIG. 63.— MKTIIOD OF DUIVINU KDISon'.s no. .‘i iiol.L.s. |da(es and eonneelion 

of |)ower is the same as 

that of No. 1 rolls, with the excejdion that (here are no shipper jilates and the 
rolls are drivmi from one end only by jmlleys ;!0 inches in ilianieler and IS inches 
face. The two rolls, vveiphinp hii.htih jioiinds, are set 7 imdies a|)art betwiam the 
faces, or 3 inches between (he knobs. The journals are I I im hes in diameter 
and .10 inches lonp. 'I'lie knobs show but little vv'ear after eriishinp hO.hOO tons. 
Their capacity is 300 tons per hour criishinp what has ))a,ssed throuph the JNo. 1 
rolls. They reijiiire 38 horse jiower wdien eriishinp, and 30 horse power when 
runninp cin|)(y. 

g 104. C'ouiuiGATUD Koims.—Mill 91 has three such rolls. Nos. 3, 4 and 5. 
The arranpement of the No. 3 rolls is shown in Fip. 03. They .are geared to 
firing the ridge of one roll opposite the groove of the other. Their dimensions 
are given in 1'able 58. 

Ail three sets of rolls have mechanism of design C (see § 87). In this case 
however, finger gears are not used, but carefully cut goar^ since the distance 
between the roll sliaftsvis kept constant. These'gears run in oil kept warm by 
a steam pipe. The sladls are made in segments, of chilled cast iron. Spaces of 
about 4J inches at each end, wdth no corriigatioii, are cut down thinner to, save 
wearing the heads of the bolts which hold the segments to the cores. These 
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rolls are all driven through split wobblers (see QQ', Fig. 646), with shearing 
safety piua q. No. ii rolls has a lly-wheel (se(! Fig. 66) 6 feet diameter with s 
rim 4 inehes wide and 5 inches thick. It is eoniieeted through a split wobbler 
to the roll shaft which receives (he power. The roll shafts are all of horseshoe 
hammered iron and they all have thrust bearings. I’he arrangement of pillow 
blocks, bolts, shims and washers in No. 3 rolls is like the rolls with sluggers and 
knobs. No. 4 rolls has springs which are not used, ns (hey rely n))on the split 
wobblers for safety. No. .5 uses also s|)rings for safety, si.x on each side, 16 
inehes long, made of 1{-ineh round steel, 'i'hey exert a pressure of 80,000 
pounds. No. 3 rolls is fed with material which has passed through No. 2 rolls. 
No. 4 with what passes No. 3, and No. 5 wdth what passes No. 4. 

TABT.K .58.-OOKUIIUATKI) UOLLS. 

Abbr«»vlationB —C.srentor; Cftp.=ca|)acity; C«>r -^forriipatloii; (Vuk Tcnishing: r)isf.=rdi8lan<*<»; Emp.= 
empty; fpil H P.^liorso power; TTt = Mm.-minute; No.— NuoiIht; K.C.= 

roiuiiled eorrui'Mtious; S, <i.-square jfrotivea. 


Di- 

nwie- Face 
ttir 

Space Thick- 
hetw'u ness of 
Sliclls. Shells. 

' Kind m. 

of of 

Surfact‘ Cor. 

I>ist C 
to <lf 
JIol. 

Whlth 

of 

ScK. 

Revohi 
i turns 
perMin 

1 

Cap Size 

per of.hmr- 
itour. iials. 

Total Total 
"f H. P. H. P. 

luiie). 


In. In. 

1 In 

1 In 

In. 


Tons In. 

In 

36 86 

(f/)3U 3 

n 0. m 

! 7 

R 

135 

HfK) . 

54x12 14 4 

m 36 

8 

\ K 0 H 

1 

8 

135 

81M) . 

5ix12 89 4 

Z4 20 

w . 

s a.(ft) H 

1!4 


125 

800 8x35 

86x18 129 4 


(u) Tlio Bpact^ Itero mentJonud is the dislaixiA between tbe uf one loll and ttie Kroure of the other. 

(ft) TlieiH' are square ^rooTt« % inch ti(‘ep and J4 inch wide. 

g 105. TiiitiSE High Itoi.i.s.—(See Figs. Gin and 016.) As the name indi¬ 
cates, this inachine consists of three rolls B, <', J), one above the other. Mill 91 
has four sets of these rolls, two of No. 6 rolls and tw'o of No. 7. One set of No. 



pia. 64a.— ^end section of edison’s I’IG. 646.— side elevation of edison’s 
THEBE HIGH EOLLS. THEBE HIGH BOLLS, 
























108 


OBE DBESSrm. 


§ 105 


6 and one set of No. 7 are run at a time. These rolls are 36 inehcs diameter, 
30 inches face, and are run at 00 revolutions per minute. The shaft L of the 
lower roll is driven by beveled pears running in oil. These have wooden teeth 
which do not .show any wear aficr doing their share of work on 90,000 tons, 
wlnle melal gear,s depreciate 18% in a year. The power is transtnitted to the 
roll by a split wobbler Q^)' and a f^liearing safety jiin q. 'I'he roll shaft has fixed 
babbitted boxes. Tin? upper two rolls are driven by friction from the lower, and 
have boxes that are free to slide vertically in guides A. On each end of the 
lower and upjier roll shafts are loose sheaves F, over each of which run seven 
jiasses of ^-inch wire rope with 19 wires to the strand, made of plough steel. A 
liigbt of the rope passing over an overhead pulley J furnished with a piston 
tightener A', driven by conijiressed air, supplies u pressure of Isri.OOd to 1.50,000 
pounds to do the crushing. The use of tlic.se ropes eliminates almost all fric¬ 
tion excejit that in Ibe journals of Ibe lower roll, due to the weight of the three 
rolls which amounts to 130,000 pounds. The journals of all these rolls are 18 
inches in dianieler, 18 inches long, made of hor.se.sboe hammered iron with thrust 
bearings. 'I’he boxes are tubular, in halves, bolted together and put into the 
pillow blocks, all babbitted with pure babbitt. 

'I'he shells are made of soft gray ca.st iron which costs 3 cents jier pound. 
Steel shells w'ere found to flow at the (‘iids 3 inches per day. (liilleil iron .shells 
will not bite the ore. The edges are beveled about -1.5° for about 3 inches from 
the ends to prevent chipping. Each shell is a true cylinder outside and inside 
and is keyed in place. It wa'igh.^ ■1,.500 pounds, and is 8 inches thick when new, 
and wears down to 61 inches before being discarded. It has to be trued every 
Itiree days. 'I'liis is done by reducing the sjiced of the roll shaft In that of a 
lathe, using pulley and reducing gears driven from the other set of rolhs. To 
acconiplish this, gears wliich mesh together are placed at the ends of all three 
roll shafis. Win n the truing is done, the gear from the middle shaft is 
unbolted and removed, while the upper and lower gears arc allowed to remain, 
since they do not inlerfere with the crushing. Tungi-ten steel lo<ds are used 
for truing; they work rapidly and keep their edges. The wear of shells is 0.35 
cents jier ton crushed for the No. (i rolls and less for lh<‘ No. 7. 

To g('t a speed that would be slow' enough for the rolls to bite the ore, 90 revo¬ 
lutions per minute was decided upon. 'J’he ore is fed by roller feeder S to the 
upper apron, winch conducts it horizontally forward between the upper and 
middle rolls and the lower apron U catches it and feeds it horizontally baelcward 
betwe-en the middle and lower rolls. 'Plie rolls are set close together until the 
feed comes, which opens the No. 6 rolls to IJ-inehcs apart and the No. 7 to ^ 
inch apart. The No. 6 rolls crush of inch stuff from No. 5 corrugated rolls, 
300 tons per hour to pass a .so-called 14-mesh (0.060X0..5-inch slot) screen. The 
oversize comes hack at the rate of 200 tons per hour, making the amount handled 
by these rolls to be .500 tons per hour. 

I’he No. 7 rolls treat material which has been through 14-mosh screen (0.060 
XO .5-inch slot), ’■educing it to inch (0.o30X0..5-incb slot) screen at the rate 
of 13.5 tons per hour, to which must be added the oversize which is returned to 
the rolls. 

Each set of rolls requires horse power as follows; 


■ 


When Rnipty. 

When Cnishinir. 



Horst* Power. 

Horae Power. 

No 

8 rolls. 

JO 

260 

Nu 

7 ru'lB. 

10 

150 
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These rolls arc claimed to have remarkably high efficiency as compared to or¬ 
dinary crushing rolls, owing to the almost complete elimination of journal fric¬ 
tion. As d(‘terniine(l by the rise in temperature of the ore passing through, they 
give 86% mechanical efficiency against 15% of ordinary rolls. 
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CHAPTER IV. 

STEAM, PNEUMATIC AND ,SPUING STAMPS. 

§100. St.'VMI’s —TiiEiit PKTNrirM.ii, IMiui’ose and ('i..vskih'h:ati()n.— Stamps 
are probably (lie oldest deviees for tine erusliing ])r(‘])ariitory to eoiieenlration. 
'I'hey are used both with and without water, but eliielly with waiter when erusliing 
pr(‘piiratory to coneentrutioii. While the earlier forms were viu'y crude and 
inellieienl, the later types show great jierfeetion. They oeeu[iy in the sehoine 
of mill work the position either of linul erushcrs or of auxiliary ernshers. 

In all forms of stamiis the erusliing is done by the blow struck by a pestle 
or .slamji iijion the rock which is resting in a mortar, 'fhe stamp invariahly 
comes dow'ii with aeeiderated motion, reaching its maximum veioeitv at the 
moment it strikes the bhnv. 'Ptie momentum of the stain]i is then spent in 
crushing the rock. It follows that the main wear will come iijion the end of 
the stamp and upon the bottom of the mortar; these jiarts are made re|ilaeeable 
and are called .shoe and die respectively. 

Stamps arc best fed with a iiroduet wdiieh has a uniform maximum size of 
lumps, such a.s will be received from a bnaiker. Auloniatie feeders are therefore 
not only practicable but advantageous. 

The jiroduct of stamps pa.sses usually through a screen, and the larger frag¬ 
ments are retained in the mortar until they are crushed small enough to pass 
through. Stamps are especially apjilicable to crushing ores of gold and silver 
preparatory lo amalgamation and concentration, native copjier rock preparatory 
to concentration, and a variety of ores, such as cassiteriti', chromite, graphite, 
etc., preparatory to concent rat ion. Stamps are jiarticiilarly useful where tine 
crushing in one op •ration is desired. 'I’hey are not suitable for crushing ores 
in which the valuahle mineral is coar.sely disseniiiiah'd and friable. 

According to the mode of ajijilying power for striking the blow, stamps are 
divided into: 

(a) Steam siampst, which are lifted and forced down by a steam piston. 

{h) Pneumatic and sprin;/ etamps, in which the power for lifting and forcing 
down the stamp is applied by a crank, while the shock to the inachine and the 
variation of length of stroke are taken up hv an air cushion or by a spring. 

(c) Gravity stamps, which are lifti'd by cams and allowed to fall by their 
own weight. The velocity of fall of gravity stamps is limited to that which 
can be acquired iroin gravity. The velocity of the other slumps is limited hy 
the amount of wear to which it is economical to subject the machinery and the 
mortar. 


Steam Stamps. 

§ 107. Phincipi.es op Action.— These machines coi .-list of a vertical stamp 
shaft which is forced down to strike its blow, and lifted up preparatory to strik¬ 
ing the next, by a steam piston. The stamping is done in a mortar provided 
with a screen to prevent the particles from issuing until they arc reduced to 
standard size. The blow is received upon a die placed in the bottom of the 
mortar. The ore, being on the die, is broken small by the blow. Water is fed 
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with the rock. The large machines are of enormous capacity, and with these 
the limiting screen has holes inch (4.7G mm.) in diameter or larger. 

Six designs of large steam stainj)s have been put in use in the mills: 'I’lie Ball 
(Fig. GG), the Leavitt (F'igs. (itiu, GGb and (iGe), the Allis (Fig. G7), the Fraser & 
Chalmers, the Union Iron Works (Fig. G8), and the Cuyahoga. The Ball stamp 
was the first to gain a permanent foothold and was for many years the standard 
machine in the Lake Sujierior eoiiper mills. The Leavitt stamp was designed 
to give a more economical use of steam and a more elKeient blow. 'I’lie Allis 

stamp was designed to give a very 
jxiwerful blow, and to use a more 
ellVctive mortar hod. Of later 
constrnction are the Fraser & 
Chalmers, the Union Iron Works, 
which are almost identical stam])s, 
and the (hiyahoga. The si.x 
types of stamps Inue so iniieh in 
common that they will he de¬ 
scribed as one machine e.xcept 
where differences call for special 
remark. 

108. Fm’.S'OATIO.N', ItlORT.yu 
BKDS .\NI) SiI.I.S A\I) tllliOKliS.— 
For the foundation, heil roi’k is 
leveled olf or a concrete bed is 
made. Upon this is placed a tim¬ 
ber foundation made of npiare 
timbers lying close together in 
layers, those of one hi\er being at 
right angles to those above and 
below it, and the whole holteil 
logether with verlieal ■d-inch 
holts. The timbers in a layer are 
often placeil d inches apart with 
the sjiace.s filled up with cement. 

For mortar beds, the Hall, the 
Fraser & Chalmers, and the 
Union Iron Works stamps have 
comparatively small blocks of cast 
iron on which the mortars stand. 
'I’lic weights of the.se mortar beds 
arc sullieient to absorb only a 
small portion of the elTect of the 
blow, and on this account it is consid(>rcd necessary to place under them .spring 
timbers of oak (see Fig. G.5). The earlier Leavitt stamps used the same com¬ 
bination. The spring limhccs are, on native copper rock, a source of serious 
expense, being made of the finest white oak. and lasting only about three 
montb.s. The Allis stamp substituted for the light block and spring timbers 
a mortar bed built up of several blocks of cast iron weighing GO to !H) tons in 
all, resting directly upon the foundation. They are 12X10 feet below and 
narrow upward to 4X6 feet. With this improvement the capacity in rock 
crushed per 24 hours was increa.sed about 25^. The Leavitt stamp followed 
with mortar beds of 120’tons each with the same result, so that the introduction 
of heavy mortar beds has completely obviated the necessity for spring timbers, 
and in most cases replaced them. The Cuyahoga bed is similar to the AUia. 



no. G.5. —HALL STEAM STAMt'. 
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mortar beds. 


Fia. 07.—ALLIS STE.LM STAMP. ... fj. 
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Leavitt and Allia stamps omit the two second girders. The details of these for 
each design of stamp arc given in Table 60. 

TAHI.K ,59. -FOUNDATIONS AND MOKTAK BEDS. 


Abbrt*vmtl(»ns.—ln. = iucht'8; Tjb -zpouiitls. 
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. 

~i— 




Mill 

No 

Number ( 

ofStnnipSiDesign of Stamp 
Used. 1 

Foundation 
rests on 

Foundation. 

Mortar Beil. 

Spring Timbers. 

42 
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Fraser & (’hal- 
luersaiidDmon 


14 \ J4-m. timl>ers 
Hith 2 in of ce- 

Bloeks weighing 7H 
ton (see Fig 09l 

SMbiteojik limbers 
11 ft long. 10 in. 





Iron Works. 


iiient between 

]--L>2.r.«M) lbs 0 

<le«-p, 1 1 ill. wide. 



livating bard 


them 12 ft. long 

im*ce); 2-- 02, IDU 

Last. 1 year. 





12 ft wide. 

lbs (2 jneees). 
3-71.100 lbs (3 








])ieces). 

42 

4 

Ditto, treating 











42 

1 

Hall, treating 

middlings . .. 
Frast’r & Dhal- 





43 
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Same as Mill 42. 

Same as Mill 42 

H wliile oak tim- 







III rs (see Fig. 71j. 
Last 6 vears. 
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Tunl>erbhK*k20 ft j 
long, 20 ft. Wide.l 

W'cighs 120 (ous: 
isi-e Fig 70) 1 — 

l''onmT!y ii.sed and 
la.sted 3 montlis. 


long. 2D ft wide 




2ft. diH'p. 

Ki ft. tleej). 

c.vlinder 1 ft ill- 
amet.cr and I in 
high: 2-Sf( H 111 

X 8 ft 3 III X 1 fi 

0 in , 3--8f(, K 111 
xKft 3m x2ft . 
4.i«ft Hill X 16ft 

X 1 f1. 10 Jii. (3 
pioecM 





40 


Bull. 



U 11 <1 r r 2 Stamps 
(those H 11 b] 

Only 2 stamps, use 
sjirmg limbers 



st4>ne bed rock 

meiit block tr>>i^ 





ft. long, 11^ ft 

s])rnig timbers); 

which lust 3 





wiile, 12)^ ft 
deep. 

bl.M'ks Wfirh 2f'| 
ton-.'-.u‘li 1 iidei. 
2 staiiijis 60 tons 
eueb 1 

months. 

40 

40 

47 




.< 

None used. 





tons. 


Alhs. 1 

Concrete. 

Timber bloek. 

Rloeks wci'.fliingOo 




1 



tons, t2 X HI ft III 
the base 


4H 



Sain(‘ as Mill 40 

Same as Mill 40. 

W'eiglis 00 tons. j 






TABLE 60. —SILLS AND OIKDEUS. 
Abbiwia tons —Ft -r-feet; Iti..-.iirH'hi*s 


Dfsijrn of 
Rtitnp. 


Ball. 


Fraser AChabj 

inera. 


Union Iron 
Works. 


The two main Sills. 


FluMKod iron sills held to timber 
block by 18 boIUt. 


Flajif?*'(l tubular sills of oast iron 
hi^h. 13ft Sin 
center to itenter. 


Flanged tubular aids 11 ft 8 in. x 
1ft OUin. xBft.:Un.1iigb,eaGhl 
held tiown by sixt<>en 2-in. fouU' ‘ 
datioD bolts. 12 ft. in. cen¬ 
ter to ctmter and bold together] 
by two 4 in. tie-bolts. 

Flatige-l ribl>ed sills, each held 
down to the wooden block iiyj 
13 bolts 

Flaiigt. d libbed sills hold down 
by bolts. I 


The tw u first (lirdtirs 


Wood<*n tiiiiliers 14 in 
wide, 18 III. hjgli,caelij 
fastened to sills by Hi 
bolts. 

'(’ast-iron double tubu¬ 
lar girders each hold 
to the sills by twelve 
1^-m bolts. ID ft I 
center b) •<‘uter. I 

iCast-iron ginlers M ft 
2 in X1 ft. 9 in x3f( ^ 
high, rounding ofTi 
at the ends, r ich belli 
down by eight \%-in. 
bolls. 

Double tubular girders, 
each held down b\ 

K bolts. 

Double I ubular girders. I 
each lield down by 8| 
holts 


Thetwo sei'ond fliitiers 


Woislen timbers, eacl 
fasb'nei) tolirsttiiii 
Is'rs by 4 bolts. 

None u‘^ed. 


None used. 


Double tubular girdi'rs. 
each held down by Kil 
bolts. 

Double tubular girders, 
eiu'h held down by I 
H bolts. 


The t HO second 
girders. 


ITdestrtls 2 ft. X 
1 ft Kin.xlft. 
4 III high eAst 
u|M>n the two 
llrsl girders. 

The two first 
girders. 


pedestals cast 
on the second 
ginlere. 

Peilestals ca.st 
on the stscond 
girders. 


§109. Frame. —The Ball etamp frame (see Fig. 6,5) consists of two heavy 
vertical timbers with cross-timbers upon which are placed the stamp shaft guides, 



















§ 110 


STEAM, PNEUMATIC AND SPBIN0 STAMPS. 


119 


the piston rod guide, the eylindcr and the valve gear. These timbers stand upon 
and are strongly hraeed to the upper girders. 

The Leavitt stamp frame (see Figs. 66a and 666) consists of four posts of 
east iron standing upon and bolted to jHidestals on the ends of the two first 
girders. 'I’liese posts lean toward the center so that the top is 44% of the width 
of th(! hottom. The frame is in three sections, lower, middle and upper, with 
suitable cross-bars. Hanged and bolted together. The middle part carries the 



Flo. (i!).—MOIJ'I'AII MFD OF FM V.Slilt A- r’ll.,^^,^fKUS .STAMP. FKi. 70. — MOKTAH BED OF 
LEAVl'lT STAMP. FKi. 71.— SPltl.NU TJMBEB IN All LI, 43. 


guides, the upper carries Ihe dash pot and piston rod guide, the cylinder and 
valve gear. 

Fraser & Chalmers, Union Iron Works, and the more recent Ball, use this 
same frame. 

Tlie Allis slam]) (see Fig. 67) eonsisL of two heavy cast-iron posts with cross¬ 
bars, mad(' U|) of thri'e sections, lower, middle and npjx'r, Hanged and bolted 
togellier. The lower pari is widened to give a stable foot. 
'I'lie middle part carries Ihe guides. The upper part carries 
I be valve gear, the steam eylmder and the piston rod guide. 

- I _The frame is braced from Ihe iipjier ends of the middle part 

__jj„_, to the ends of Ihe sills bv four iron braces. 

The frames of the original Ball and of the Allis stamps 
admit of .screens on two sides of the mortar only : lliat of Ihe 
- - ( Iher three allow scri'ens on all four sides, if desired. 

S 110. Moii'i'AU AND SciiEKNs.—'I’lic uiorlar is in two parts: 
Ihe mortar projier, which is below and takes most of the wear, 
■PIO- 73. ,i,\d the mortar housing which is above and confines the 

splash. 

The mortar proper is a cylindrical pot of cast iron (see Figs. fi6a, 666, and 
67). Upon the mortar proper, and bolted to it. stands the mortar housing which 
in the Ball and Allis st.imps is wedge-.shaped, with two sides vertical, and the 
other two sides sloping inward downward to suit the screens. This housing is 
built up of easiings and jilate iron riveted together, and on the two sloping 
sides it is provi.led with screen frames, and outside the screen frames it is closed 
in with shields (see Fig. 6.’)), and has a discharge spout below out through which 
the stamp stuff which passes through the screens is discharged. In the Leavitt, 
the Fra,scr & Ohalmi-rs, the Union Iron Works and the Cuyahoga stamps, the 
four sides of the mortar housing slope downw'ard and inward to suit the screens, 
and the housing has four re-entering angles to give room for the four posts. 
This combination gives the section of the top of the housing the form of a cross 
(sec Fig. 72). The housing is closed in on top with an iron cover with three 
holes in it, one for the stamp shaft, one for the feed hopper, and one for the 
water pipe. The housing has a lining in two parts, upper and lowfer, the lives 
of which, for the Ball stamp, are shown in Table 61. 
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TABLE 61.— MOKTAU HOUSING JJNINOS FOK BALL STAMP.^* 


Mill. 


Calumet A Hecla.. 

Allouuz. 

Atlantic.. 


Upper Lining. 


Jjower Lining. 

Material. 

1 Tliick-, 
1 ness. 

Life 

Mu(A*riivl. 

Thick- 

ih'ss 

Life. 

Wrought iron. 

i ^Inches 

Months 

c 


Inches | 

Months 

3 

4 

a 

('hilled cast iron. 

Wrought iron. 


8 

Vi 

(’hilled (tastinui. 

Wrought iron. 

1 I 


The details of tlie mortar proper are shown in 'J’uble (ia, and those of the 
mortar housing in Table 03. 

T.\nr,E 02.— DETAii-s of the aioutm! i-normt. 


Mill 

No 

l)e.sjgnof Slanip. 

IdskU' 

Diaiiu'tiu. 

Uepth 

Thickness 
of Side!?. 

Thii'knesK 

ol Both III 

42 

43 

44 
46 

1 Fruw^r & C’hulniers 

Leavitt. 

Ball. 

Ft In. 

8 6 

3 7 

3 

3 6>m 

InclK's 

iHH 

21 

Inches. 

3 

3 

3 

Inches. 

.33^ 

46 

48 

1 Allis. 

23 






TABLE 03. —DHTAII.K OP THE MOUTAR HOUSING. 


Jlesigii of 
Stamp 

Outside Height. 

Outside at Toi>. 

Outside at 

T/eiigth. Wnith. 
FLJn. Fi In. 

5 2Uix 4 6 

4 8x48 

Allis. 

Ft. In 

4 2 

3 9!^ 

liengili. Width. 
Ft. In. Ft In. 

« 11^x4 6 

1 K 0 xH 0* ( 
(42 X 1 2* 1 

Leavitt. 


•S.'ePiK 72. 


The screens arc of steel plate punched with holes that are usually round, 
the screen frame (sec Pig. (>7), is of cast iron with vertical bars, commonly 
three, running from the top part to the botloin part of the frame; this gives four 
panels in which the four parts of a screen jdate are fastmied with bolts and bind¬ 
ers. Ihe screen frame is bolted to the bousing upon a faci' trui'd to receive it 
bpare screen frames with screens upon them are kept on hand to save time in 
changing. When the lower part of a screen plate is too nimh worn, it is turned 
end for end and what was the ujiper end is placed below to take the wear The 
details of screens and their life arc given in Table 04. 

§111. Die, Ki.ng, Staves and Shoes.— In the mortar (see Pier. jg 

placed a die which is a tlat disc in the form of a truncated cone with the smaller 
diameter uppermost. This receives the blow and bottom wear. Around rhe die 
18 placed a ring, which serves to fill the space and to supiiort the staves which are 
in section wedge-shaped and lie together around tbi' circle hke arch bricks The 
staves take the side wear. The last stave put in, called the key slave, is a re¬ 
versed wedge, and IS held in place by a holt through the sides of the mortar The 
two adjacent stares have special forms to conform to this key. 

The shoes (see Pig. 80) are in geometrical form, namely, cvlindrical discs 
Irom which two opposite segments have been removed; this makes a long and 
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table 64. —DETAILS OF SCUEEN8. 


Abbreviations.—(’. 8.1* =scaat-ste«*| platt's; ruy.-tJuyaiioffa: !)#*g.i.:T>«*(rro«‘8; F. & C.—Fraser & Chalmeni; 
In.rsinclies: No.—miinlmr; K.^round; S.^aluts; S(:r.L^s<‘m‘ti; S r.^^stA^el plate; 8<]. lo.—square indues; Stain. 
=8tamps; U. I. W.^Umoti Iron Works; Vert =vertieHl; V.8 -vertioal slots. 



11 

Dt'sign 

of 

S1U|M* 
of Stir 
from 
Vert. 
Beg. 

Mah‘- 

rial 

ThiVk- 

«t*S8. 

In 

Kind 

noi<*. 

Size. 

In. 

Area of Screen, 
in. 

No. of 
8cn‘fnK 
in 

Fraim*. 

No. of 
Frames 
in 

Stamp 

Total 
Scnifn 
Alfa. 
Sq. In. 

Tdfe. 

Days. 

Life. 

Tons. 

88 

1 

F.A C. 


S P. 


U. 

U, 9.i' 



<> 




43 

4 

(<0 

37 


A 

v.s. 

A 

Hx 48 

4 

2 

3,073 



43 

1 

Kh) 

27 


A 

K. 

H 

8x48 

4 

2 

8,072 

60 


4<! 






V.S. 








48 

1 


13 

*• 


R. 

iV A. H 

(rf)7x4l 

8 

4 

3;310 



il 

11 


27 

“ 

O.KK) 

R. (r) 


8^x44 

4 

4 

5,084 


7,866 

15 


Hall ... 


<aj 










4«i 

4 

Ball.... 

32 

S. V. 

6.107 

liAci 


(A) 8^ X 45 net 

4 

2 

3,000 

(024 

6,800 

4fi 

1 

< *uy . .. 



0 107 

H. (Cl 

A 

(h) Sj'tj X 46 111*1 

4 

4 

8,000 

(M24 

9860 

4<i 

1 

Alllh.. 


“ 

0.107 

U (Cl 

A 

(A)8>ijx45 lift 

4 

2 

3,000 

(1)24 

10.800 

47 

5 

Allis ... 




H. 








48 

5 

Allis... 



0.107 

H (e) 


(h) KU'> X 45 uft 

4 

2 

3,01K) 

18 

5.400 

j 

4 

Ball ... 


<’ S P ' 


S(f) 

fhl X ,"a 

( f 1 X 48 

4 

2 

3,100 

42 

8,620 


(n) F. & 0. anil U 1 W\ on luinl ore. (?») DitJo on soft ore (r) On nnddUnfrs. (d) I mob lap all around. 
(<•)Throe-eiffhth irii li center to center (/■)(^iiotC(l from Sliarpless 3" {</) Weighs 10 pounds. (A) 0«ie-half 
inch lap all aiound. (0 Thi'n patclied ami wears 0 days more (j ) Adaiiiic. 


narrow' slioe along llic bides of wliiili rock eini setdo to bo crushed later as the 
stamp rotates to m w positions. Siiiee the outside margin of the .shoe docs the 
main work of eru.sliing aTid in eonsequenee wears faster than the center, it is 
coniinon to make a sliglit dei)ression in tlie center of the shoe to equalize the 
conditions. Fraser & (di.ilmers make this depi’essiori in the form of an ellipse 
with axes 13 and S inelies long. Its deiilh is one inch at the renter and tapers 
to (I at !he edges, llpoii the top of tlie slioe is a dovetail which is straight on 
one side and curved on the other. 'I’liis finds its eouiiterpart in the stamp shaft. 
The spare sniice is taken up by driving in a key with shims along the straight 
face. 

In changing a shoe when it is worn out, the stamp is stopped and lowered so 
as to rest on the rock. 'I'he key is driven out and llie shims are removed. The 
stamp shaft is 'aiw lifted by steam ])ressiire. the old shoe removed, and a new one 
put in. The shaft is lowered, the dovetail entered, ibe shims and key put in. 
The stamp is now lightly dropped a few' times to set the shims. If needed, 
more shims are pul in and the kev set up hard. The stamp is now raised, “coTcr 
work”* removed, screens replaced and stamping resumed. 

The die, ring, slaves and shoes are all made of a fine chilled east iron, cast 
from mottled and white charcoal pig capable of taking a very deep chill, and they 
cost at Bnlte, for instance, about 4 cents a pound. The rejected w’orn-out parts 
.at both Lake Superior and Butte are snipped hack to the foinidry, and perhaps 
bring about three-fmirtlis of a cent per pound. This metal has proved far bet¬ 
ter than any other material to withstand w’oar of heavy stamps. Table 65 shows 
the comparison of various metals for shoes in Mill 43. The details of these 
wearing parts with figures on life and eompiilod wear per ton are given in Tables 
66 , 67, 68 and 6!'. 

The dies wear down to half, or less, of iheir thickness, and toward the end 
of their life to some degree lessen the eapaeity of the stamp. The w'ear is com¬ 
paratively slow, due to the fact that the die is alw'ays protected with 4 to 6 
inches of rock. 

The shoes wear to a form somew'hat like that show'n by the dotted lines in 
Figs. 73(1 and 736, and toward the end of the life of a shoe the mortar has to 

* The local name for the lumps of copper too lar(^ to pass the screen and which accumulate In the bottom 
of the mortar. 
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Fxo. 73a.—siuE VIEW. FIG 736 .—eng 


be filliid fuller with rock in order 
to reach the shoe. 'Phis fact, and 
the defoniual shape of tlic worn- 
out .shoe, cut down the capacity 
of the stamp considerably toward 
the last hours of a shoe. 

§ 118. Steam (I y i. i n u e r, 
Vanvk and Valve Motion.— 
The usual size of Hall stamp has 
a eyliuder 15 inches diameter 
and practical stroke of about 24 


tahi.e 55.—metals for shoes in mill 13. 


Mnti’Pi.il- 

Averapo Weight. 

Time to Wear 
Out. 

Hock starop- 
od in the 
Time. 

Bcforeliand. 

Afterward. 


Pounds. 

Founds. 

Hours. 

Tons. 

Armor sleet. 

MU 

143 

27 

i;.*i 

Forged sU'fl 

nfu 

143 

40 

200 

Manganese kUh‘1 .. 

:{4(> 

H!) 

42 

273 

Chilled cast iron. 

n4d 

143 

CO U» 70 

4r)0 


TABLE fiC .—details OF DIES FROM THE MILLS. 


Abbr<‘viatumK —Iu.=.Ineht.‘8; Lbs —jKumds; Mos =inontli8; No.=mimh(»r. 


i 

Design of Stamp. j 

Diameter. 

Htdght 

Weight. 

Life. 

Wear of Iron 
I>er Ton. (a) 

Lowe. 

Upper. 

New. 

Old. 

Cross. 1 

Net. 

Fraser & Chalmers and Union, 

Iron Works, on litirtl ore. 

Fraser & CbalnierK ami Unioiii 

In. 

22 

22 

In. 

20 

20 

In. 

8 

8 

Lbs. 

650 

0.50 

4r.O 

Lbs. 

! 

Mos. 

12 

Tons. 

Lite. 

Lbs, 



24 

3 

6 

6 

12 

18 

10 

24 

9Hto 

3^ 








13,1M() 

30.000 

22..600 

.62..'i0(i 

117,000 

120,000 

180,01KI 

1 18,000 
U> 28.800 



Leaviit... 



Vi 

715 

4flU 

0 0191 

0-0088 





700 

1 760 

700 

176 
' 176 

176 

0-0145 
; 0-<XW.5 
0-00(» 

ooiii 

0-0060 

0-0049 













Atlis... 

! 22 


8 

750 

lOflj 

1 O.OilC 
Ito 0,0200 

0-OS61 
to0-0226 


(a) Gross wisar dofs uot take iuto account tlie weight of tlio worn-out piece, while net wear does. 


TABLE 07.—DETAILS OP RINGS FROM THE MILLS. 


Abbretiations.*>Lbs ^pounds; No.=:niimber. 


Mill 

No. 

44 

45 

46 

46 

46 

47 

4H 

Design of Stamp. 

Weight. 

Life. 

Wear of Iron 
per Ton. 

New. 

Ll)s 

856 

Old. 

Qrhss. 

Net 

,euv!t.t. 

Hall. 

LI^l 

GOO 

Years. 

;*< 

Several 
Over 5 
4 

Tons. 

71,600 

Lbs. 

0.0120 

Lbs. 

0.0035R 

Hail... 

Cuvaboga. 

Allis. 

m 

820 

820 

41.6 

415 

415 

52,500 

156,000 

o.om 

0.0053 

0.0077 

0.0020 





AlliK. 

(wi 

HP 



mil 
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TABLE 68.—DETAILS OF STAVES FROM THE MILLS. 


Abbreviations—In.-inches; Ll»8.=pound8; Mt>8.=month8; No. =:number. 


£ 

i 

Design of Stamp. 

Number 

of 

Staves. 

Thick¬ 

ness. 

Weight of 
Kocli Stave. 

Life. 

Wear of Iron 
per Tod. 

New. 

Old. 

(lro88. 

Net. 




In. 

Lbs. 

Lbs. 

Mos. 

Tt)ll8 

Lbs. 

Lbs. 

42 

Fraser <1^ OhalmerH and Union Iron 



















42 

FraHer & Clialmers and Union Iron 
































3 

HI 9 


6 

27,HH(I 

0.0II4 




10 


154 

90 

6 

3«,0<K) 

o.om 

0.0104 







4 

8(I,(NII) 





4 


474 

250 

24 

105,0(K» 

0.0181 

0 0085 

45 


10 


19l> 

100 

18 

117,IX)0 

0.0152 

0 0077 





1 


90,000 

0 0210 

0 0090 

45 


8 


237 




to 

to 





) 


11.5,000 

0 0154 

0.0078 







24 

IHtMKHi 








1 


UO.OIMI 

0 (Clio 

0 0090 

48 

Allis. 

8 


2:r 

12.5- 


t<t 

to 

to 






/ 


115,0110 

0 015-1 

0 0078 


TABLE 09.— DETAILS OF SHOES FROM THE MILLS. 
Alibrevuiti<nis.—Iii.=inchc8; Lbs —pounds. 


Design of SUuiip. 


Fras»»rA Ciialmors and Union Iron Work.s, on 

hard or*' .. 

FrawT A Chulmors and Union Iron Wi>rks, on! 

8ott ore. I 

Ball, on tniiUtlings.! 

Leavilt. I 

Ball. 

iGuyahoga. 

.\nis. 

I Allis. j 

Ullis. ! 


Dimen 

siouK. 


In. 

lasxl 1x8 
aixV4x8j4l 


*ixllxH 
‘Zixi4Kii 
3ixJ4x8 
tlBxl4xH i 


Weight. 

Life. 

Wear of Iron 
per Ton 

New. 

Lbs. 

0511 

cr>o 

4.50 

tlifi 

Lbs 

150 

150 

iLiys. 

Tous. 

Gross. 1 

Lbs. 

; Net. 

: I.lir 





80 




500 

300 


i,aH) 

0 40 

0.20 

.500 


21 

8,600 , 

0 139 


71 K> 

:«o 

30 

0,300 

0 0111 

0.0587 

700 

330 

25 

6,ri(K), 

O.lOH 

0 0509 

700 

830 

20 

6.(K)0 

0 117 

0.0517 

OH) 

9)0 { 

15 

4,500 

0.1S3 1 

0.007 

ItiO 

to 5,000 

to 0.100 1 

to0.)»0 

70(1 

8.‘10 

.3 

1 900 , 

0.778 1 

0.411 


inches (see Fig. 74). A simple slide valve is used which is given accelerated and 
retarded motion by ceecntrie gears Bll, driven from a separate source of power. 
Th(. eccentric U iiiukos its slowest motion when tin valve admits steam for the up 
stroke, and its quickest when it admit*' steam for the down stroke, 'riic latter 
is to give quickly a full, wide opening of the valve, admitting almost full boiler 
pressure for striking the blow. The valve of this stamf), and of the others also, 
is given a lead for the down stroke which is greater than is customary on ordinary 
engines, in order to furnish the necessary cushion for 8top)iing the upward move¬ 
ment of the stamp. The retardation of the stamp caused by its striking its blow 
prevents the lowei end of the cylinder from needing any lead at all. The throw 
and lap of the valve is so adjusted as to give a wide, full 0 ])ening of the valve at 
the upper end, and only about ^ inch at the low'cr. / , the piston has no crank 
motion to stop it at an exact point, its motion being arrested at the top end by 
steam cushion and at the boctom by the blow on the rock, it requires a large 
clearance, 2^ inches at the top end and 4 inches at the bottom, with full stroke. 

The Leavitt stamp (see Fig. 75) has differential cylinders with two pistons. 
The upper piston is 21^ inches in diameter; the lower is 14 inches. For the 
down stroke steam is admitted and exhausted above the upper piston by two grid- 
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iron valves (see Fig. 76), standing on edge, moving horizontally, opened and 
shut by two eatiis each with adjustable cut-otf. The cams are driven from an in- 
dopendetil source of power. Thi' admission valve cuts off the feed at about 
40% of the down stroke. The piston then nans by ex[)ansion to the end. 
The exhaust is opened at the sajiie instant as the blow is given, and on tbe return 
the exhaust is closed and the feed ojicned at about !)0% of the return stroke, to 
eu.sbion tbe piston. 'I'Ik' steam for the return stroke is admitted below the 
lower piston tbrough a ))ressure regulator which allows it to j)ass when the pres¬ 
sure falls below bO pounds per scpiare inch. The pressure under this lower 
piston uill range from a nia.vimum of (id to a minimum of 50 pounds per square 
inch for each stroke, with a mean of 55 pounds. The U])per piston therefore 
always acts against this nearly constant ])ressure of the lower cylinder. The 
cylinder has therefore only | inch, which is the usual clearance of a carefully 
made engine, at its upper end, avoiding all the amount of clearance at its lower 
end due to variable height of rock in the mortar. The steam exhausting from 



FIG. 74.— IU1.L STE.XM STAMP CV l.lN'DIil!. FIG. 75.— I.EAVITT STEAM STAMP 
C'YUKDER. FIG. 76. —VALVE MOTION FOB LEAVITT BTAilP. 


the uppc'r end of the large cylinder and that which leaks into the between space 
is exhausted into jnpes for healing the mills in winter, and into a jet condenser 
with air jium]i in summer, giving a vacuum of 34^ inches of mercury, equivalent 
to 13.14 pounds per .square inch. 

The Allis .stamp has a cylinder 30 inches in diameter with a practical stroke 
of 34 inches (see Fig,s. 77 and 78). The cylinder is jirovided with double bal¬ 
anced piston vidxes at eaeh <'nd; each valve feeds and exhausts the steam at its 
end. These vahes are Iriven by inde))eudpnt eccentrics. 'Phe earlier forms of 
Allis stamps have "otary vidves. The eccentric of the upjrer valve is driven by 
a disc and link transinir-sion (see Fig. 67), giving accelerated and retarded 
motion. The admiesioi'] is made while the eccentric is at its highest speed, which 
gives a quick, widr; opening of the valve, cutting off at about 33% of the stroke 
and running by expansion the remainder of the stroke. The exhaust opens when 
the blow is struck, and the slow motion of the valve comes during the exhaust 
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I’lio exhaust closes and the feed opens in lime to cushion the piston. The valve 
at th(' lower end is driven hy an ordinary eccentric without acceleration ; it admits 
steam partially throttled for about one-sixth of the stroke, and runs hy expansion 




FIO. 78. —SEt'XiO.V OF CYIJNDFI! AND PISTON OF Al.I.IS STAMP. FKi. 7!). —DASH 
POT FOU l.F.AVn r STAMP. 


the remainder. No .“team is admitted below until after tlie blow is struck. The 
stamp thend'ore strikes an enlirely uneushioiied blow'. 

The Fi.iser it' Chalmers ami I'liion Iron Works stamps (see (>8) have 
rotary valves ahove and below, driven by independeid ecemdrie“, and these are 
driven by a ]iair of eccentric elliptical !;ears, ri'eeivuiir therefrom accelerated and 


TMII.l; 70. —DETAILS OF STEA.M OYLlNDEliS, WATilll DSKI). AND CAPACITY. 


AliUlwjiitions- Oitls —tfallons: In-rinches: Llis-punmls; Max -luaxinmin 


c 

Design of Stump. 

Diameter of 
Cylinder. 

■al 

5c.5 

cr 

c 

^ 1= 
t c 

."ic 

las 
1 a 
a c 

lienjftli of 
Stroke. 

U 

■r *; 

a a 

^am Pres- 
ure Per 
lare Inch 

£ « 

— rt = 

— t 

it? 

S 




H 

5^ 

Max. 

Aetiinl 


’.fi [f. 



OSrj 

JW 

Fraser & ChfttitnTS . 

In. 

TnT 

In 

In 

In. 

In. 


Lbs. 

(0) 

fn 

Mills 

Tons 

Ton.s. 

250- 

43 

Fmser & (!h.vlmers anti Fnton Irtm 
WorKs, on lianl orf. 

15 

40 

10 


30 

21 

on 

100 



42 

42 

FrasfTift: (lhalmers and Union Tnm 

Works, on soft oro. 

Ball, on midtUmgs. 

ir 

ir> 

40 

in 


80 

9A 

% 

100 

100 

05 

<h) 

ir) 




49 


11 

(d) 

40 

30 

io 


80 

24 




108 

200 

150 

44 



f()4 

01 

05 

m 

(/■ 

(/I,OKI 

25 ’” 

4R 

Ball. 

7 





46 

Bull... 

15 

18 

20 

118,20 
20 




20 

20 

20 

21 





46 





100 



'iH 

200 

800 

800 

800 

210 

46 

Mils. 

42 

42 

10 

10 

Pit 





47 

\lim... 

si 

lob 

lOf) 

(/) 



4K 


42 

10 



...... 

SH 

«' 

Ball . 
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retarded motion at both ends of the cylinder. The Fraser & Chalmers cuts off 
at 20 to .10% on the down strok(“ and 3.3% on the up stroke. 

Details of sleiiin cylinders are given in Table 70. The details of the valve 
actions showing the tunes at which the valve motions occur are given in Table 


TABI.E 71. —DKT.VILS OP VAI.VE ACTION. 





Upper End. 

Lower End. 

c 

Dfaifcn of Stamp. 

Kind of 
Valves. 

Feed Opens 
at % of 

Up Stroke. 

Feed Closes 
at % of 
Down Stroke. 

Exhaust Opens 
at % of 

Down Stroke. 

Exhaust Closes 
at % of 

Up Stroke. 

Feed Opens 
at % of 

Up Stroke. 

Feed Closes 
at % of 

Up Stroke. 

Exhaust Opens 
at % of 

Up Stroke. 

Exhaust Closes 
at % of 
Down Stroke. 

i'A 

42 

Fra.sor & CliuliifTh aiic 
Umiut Iron Will ks, tm 

hanl ore . 

Eraser & Clialriiers and 
Union Iron Worus, on 
soft or«“. 

Uotary. 









Ilotary. 

notary. 









48 

41 

4L 

4(3 

4(3 

KrasiT ,V: ('halmiTS .... 

lA*avltt(6) . 

Uall((H . 

Cnvahojja. 

Mils . 


(fOKud 




(a) kml 
<r) 

27 

17 

17 



(irid-tron. 

Slide. 

Slide (like Eall). 

liakinoed pieton 

Ualainvil pjsion 

(dt 

Ill 

88 

4.5 

49 

k;t 

38 

EikI 

End 

92 

f>l 

n 

«•) 

F.nd. 

End. 

4'- 

MI'v ih. 



Eii'.i 

’ (’>"' 

"li"’ 

le) 

Eixi.’ ’ 

End. 


(a) Strum !■< thfotilcl f<ir thr wliolr stn.kr and i,hrr<* is no t^xpansion (?>)Tli 
‘ from tin- mdm dor rtirds, Knrs. H;J. S-J, 85, K«. 87. (r) Thrn* is an almoa 

tho turn*, td!) Four balaucod piston and one rotary. 


art* 

1< IW 

to 48j i)f up stroke. 


Tln‘ vnliiea ft>r Uiese staiiiim 
•at c<msin!il pressure in tne 
y. tc) Wire drawn from lt»j{ 


§ 1J.I. Sai'Ii,ty Devtoks. Ar tliCRo inacliines have no erank and connecting 
rod Lo st()|> tho moiion at ilu* two endp of the stroke, otlu'r means besides the 
steam cnsliions alr(‘ady mentioned must be provided, to prevent the piston from 
gojng too far. ^ 

In Hie Hall stamp (see Fig. 74), the lower portion of the steam cylinder is 
counler-bored to about 0..32 inch larger dianieler than the remainder, and 
tliore IS an extension below the port opening into which Uie stamp can enter and 
it acts a.s a rlasli pot. This will stop the stamp in case the mortar gets empty, 
iniii counter-l)ore, Itowever, seriously increases the clearance. For the upper 
emi of the strola- (,-er hig. (r*), a guard is provided by a buffer on the? upper side 
of the coupling and an elastic cushion on the cross-bar alxive to receive it in 
ea.se the sieain ew-hioii fails to stop Hie upward motion. ’ 

The Leavitt stamp In,.- a iiluiiger and dash pot (se-- Fig. 79), .3 feet diameter, 
.3J umlies deep, at Hie eoiipling between tlie piston rod F and the stamp shaft S, 
which arrests Hi.' ninvard inoyi'ineiit, and beneath the small cylinder (see Fig. 75) 
there is a enp or extension into wliieli the small piston can enter and act as a 
dash pot in ease the mortar gets empty and Ihc stamp tends to fall too far 
Neither of these ciash pots adds to clearance. 

In the Allis, the Fraser & Clialmers, and Union Iron Works stamp, the danger 
of hreakagi is .averted Iiy a bonnet on the flange at tb- uppor end of the stamp 
shaft. In this, tlie flange on the piston rod plavs between rubber cushions 
above and below (see Fig. 80). The rubber cushion for the downward thrust 
18 4 inches thick and 11 inehes diameter; that for the return is an'annular disc 
inches thick, 11 inches outer diameter, 5 inches inner. Half an inch clear 
spare is left around these two rubber springs. In the walls of the Allis cylinder 
(see Fig. 78), at its lower end, are eight vertical grooves 1 inch deep, 4 inches 
















OaB DRESSim. § 114 

wide, 11J inches high, which give the effect of tlie 
counter-bore of the Ball stamp, and stop the ma¬ 
chine if the rock in the mortar gets too low. The 
pi.ston is 10 inches thick. The Fraser & Clialmers 
UB(!s a steam cushion in the lower end of the cylin- 
d(!r. 

^114. The Stamp SuAifT, Pulley' and Guides. 
—'I'ho haft of the Allis stamp is shown in Fig. 80. 
In all designs of stamps the shaft is about 8 inches 
in diameter, serving to give weight to the blow. In 
every instance it has a dash pot or bonnet connec¬ 
tion with the piston rod above, and is widened to 
a foot or hub below, Yvhieh is of the same cros.s- 
seetion as the shoe. On the under surface of the 
foot is a dov(!tail mortise curved on one side, into 
which .e tenon of the .shoe is keyed. The shaft 
has two key ways in which slide the feathers of the 
rotating pulley. In the Allis stamp these are }X 
3 x 66 inches. Table 72 gives details of stamp 
shafts and their life. The wear is chiefly at the 
foot. In Mill 48, the foot W('ars away on th(i 
shoulder from 13 inches high at the start to 6 
inches at the end of its life. 'I’he shaft it.self also 
becomes w’orn down .somewhat in diameter. It 
goes by cracking either in the stem or in the foot. 
'I’lie later designs have the shafts made larger near 
the foot and the foot made higher. 

On the .shaft, between the stamp shaft guides, 
there is a little loose flanged pulley through the 
FIG. 8(1. —.STAJIP SHAFT AND boH! of wliicli the stamp .shaft moves up and down. 
SHOE OK THU Ai.i.is .STAMP. There are, however, two grooves in the stamp shaft 

and two feathers fixed to the pulley, which force 
the stamp to turn with the pulley. A belt driven slowly by the mill engine 
turns the pulley once in four blows of the stamp, or leas often as shown in 
Table 7(1. This pulley is sometime.’ omitted from the Fraser & Ghalmer’s 
stamp, which revolves therefore only accidentally. 


TABLE 72.— DETAILS OF STAMP .SHAFT. 
AHbrpTifttlons.—Ft.=fept; In.—inches; Lbs.sptmiuls: No =numbpr 


Mil) 

No. 

Design of Stamp. 

Weight, j 

Material 

Life. 

Diameter, j 

Ijongth. 

Diameter 
of Flange. 



Lbs. 


Years. 

lu. 

n. In. 

In. 

42 

Fraser & Chalmers, Union Iron 












<a>8 



48 



Steel. 1 

4 ' 

5 



44 


(rt) S,600 



(rt) 8 


hi) 



ctble steel. 



48 

Ball. 

8,200 






46 


8,600 


2 

8 

1 . .. 

47 



1 (hi 

8 



48 

AlUs. 

8..'>00 


1 2 

8 

12 III 

w|l 


(a)Thl8 8haft has a 4-iQch bole bored through its centAr. (b)Two shafts out of five have broken in five 
years, l>oth from flaws. 


The guides (see Figs>. 65-68) are simply babbitted boxes in which the stamp 
shaft makes its journey up ami down. They are supported on heavy cross-bars 
on the main frame. 

§ 116. Fi-oors, Bins, and Feeding Arrangements.— There are usually 
four floors for operating these stamps (.«ee Pig. 65). fl’he upper gives means 
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to tend the cylinder and valve mechanism. The second is for the dash pot or bon¬ 
net. I'he third is the feeding lioor for water and rock, and also for the guides 
and rotary pulley. The fourth is to tend the scrc(Mis and conveying lauud(>rs. 

To the rear of the stamp is placed a bin, which at Lake Superior holds rock 
sufficient for over 14 hours" feeding. It is supplied from a track above it and the 
bottom slopes throe ways toward tlie discharge gate. 

A chute is provided to convey the rock from the gate to the stamp. This chute 
slopes at an angle such that the rock will either just slide or just not slide;. Mill 
48 wets the rock in this chute to make it run easier. The head feeder (man who 
feeds the stamp) therefore simply allows the rock to move when the stani}) needs 
it, or pushes it forwai'd with but little e.xcrtion. Tlu; chute also gives oppor¬ 
tunity to pick out high-grade rock for smelting direct, and chips of wood, rope 
ends and such tiher-niakiiig materials as interfere with the washing, and thus to 
prevent them from getting into the stamp screens and classifier spigots. 

An indicator bell is struck by the flange of the stamp shaft wlien tin; rock gets 
to its low limit and it is time to feed more. This indicalor is kept at the same 
height throughout the life of a shoo and die. 

§ 116. ifisciiaitfin.—'riie flow of the sand and water through the screens is 
increa.sed by the swash and splash of the stamp. Steam stamps give a greater 
splash than the gravity stamps, not only because they are wider, heavier, and 
swifter, but they are lifted above the level of the wafer at every stroke. A stone 
dropping in water slirs the mud when it reaches the bottom. A stone dropping 
into water makes a great splash and wave on the surface in addition to stirring 
the mud below. 

The height of discharge, so important in the gravity stamp mill, i.s also of in¬ 
terest here. In Mill 44, the edge of the mortar is Idj inches above the new die, 
and if tin edge of the .screen frame is inches wide then the height of discharge 
is 16 inches above the new die. If the die w'ears down from 8 inches high to 4 
inches high, this will make the height of discharge 20 inches abov(> the worn-out 
die. Again, if 6 inches of rock are always kept on the surface of the now die;, 
then the height of discharge above this surface will be 10 inches, and this level 
will remain the same with the old die when 10 inches of rock will be upon its 
surface. 

The area of discharge is shown in Table 64. In Mill 44, with four screens 
and four panels (8^X44 inches) in each screen, the total screen area is 5,984 
sipiare inches. This has ^^-incli holes, g inch center to center, laid out in rows 
at right angles, making li).C3% holes, or 1,175 square inches of opening. If 
the screen holes were laid out in rows at 60° (see § 147), they would have 22.67% 
or 1,357 square inches of opening. If two of these screens were blanked, causing 
the stamp to discharge on tw'o sides only, then the gross screen area w'ould be 
2,992 square inches, and the square inches of opening would be 587. This last 
area of opening is about the running average of most of the stamps. Coggin 
proved that, under precisely the same conditions in other respects, discharging on 
four sides added 7% increase of capacity over discharging on two sides. 

117. Watek Used.— The amounts of water used are given in Table 70. An 
increase of the quantity of water will increase to some extent the capacity of 
stamps, by removing at an earlier moment the grains ready to depart from the 
mortar. The increase, however, is liable to give groat embarrassment in the mill 
below, where the washing machinery will be called upon to handle the resulting 
increased quantity of water. The argument for much water, provided the wa.sh- 
ing machinery could handle it satisfactorily, would be exactly opposite in the 
case of the brittle sulphides of copper from what it would bo with the native 
copper rock, for in the former a particle of soft sulphide, left to receive another 
blow, may be made wholly into slimes, while with native copper the thin leaves, 
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flukes, and arborosoent forms need a little more stamping to break them np to a 
state in which gravity will act properly, even at the expense of some sliming. 

It will be interesting to eonipure the amount of water used in these stamps 
with that in the gravity stani|)s. The average quantity of water used for gravity 
stanijis in itt mills in ’I’ahU' liio is (i.iiS tons water to oni' ton of ore. 'J'he water 
quantity used by tin' sti'uni stamps, for the crushing only, is a little less in the 
ease of two mills and about four tunes as great in the ease of a third. 

§118. Oai'acu'i'y oi’ Stham Stamts.— 'I’he figures on this as obtained from 
the mills are gi\en in Table 70. The eajiaeity is greater in those mills which 
crush soft amygdaloid I'oek than in those which crush hard conglomerate. The 
capacities for all the mills except 38, 13 and 13 are under the condition of crush¬ 
ing through a -(\--inch (1.76 inrn.) round hole.. 

Experiments made on hard conglomerate rock of Mill 48 gave results shown 
in Table 13. In the first two of the tests the jmlp that issued from the mortar 


TAUl.E 73.-rACACITIES OF STEAM STAMP ON OflE OF MII.I. 18. 


Size Ilf ScTceii in 

Sue of Trommel 

Oainicity of Slump 

Copper in Tuiliugs 

Moilar 

Hole. 

per ^ Uuurs lu) 

of Mill 

Inches. 

Inches. 

Tons 


i^c round. 

None. 

B41 

0 

None. 

375 

0.006 

.1 " 

H 

346 

0 010 


i 

396 

0.017 


8S4 

0 613 

4SJ7 

0.«.25 

slot. 

M 

439 

421 

0 538 

0 rN'm 

itxK slot. 

4U2 

(h.o .v, 


(a) This iloes not incliitlt* tin' mturnml oversize of the Iromiuel. (6) la thia test there was a great deal ot 
choking lu tlie jigs hy linig i*it*ces of rock. 


passed directly to hydraulic ila.ssifier.s and thcnc-c to jigs as in the usual scheme 
of Lake Superior mills. In the rest of the te.sts, however, the pulp from the 
mortar passed first to a little hydraulic classifier with one spigot. This took 


Top of full ■ 



PIO. 81.- 


butwu of full 8iruke 

-INDICATOR CARDS AND VELOCITY CARD OF OLD BALL STAMP. 


out of the total pul)) ouly a small f»eiocntagc as a spigot product consisting of 
rich copper conccntriitcs. The remainder went over as overflow to a trommel 
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with l-inch holes. The oversize of this trommel, amounting to about 20% in 
the case where a -inch screen is used in the mortar, was returned to the mortar 
by an elevator. 'I’lie undersize of llie trommel ])assed to the elas.sifiers and jigs 
as in the old scheme. The table shows not only an increased capacity by the 
new scheme but also a decrease in the cnpj)er lost in the tailings of the mill. 
On soft amygdaloid rock of Mill 4(i, using a jV "ineh round hole .screen in the 
mortar and a |-inch trommel, the capacity was 487 tons in 24 hours and the 



percentage of copper in the mill tailing.s was O.IIMJ. The morfar used was 
round, that it. cylindrical, having a curved screen.* 

'§ Hi*. I’ownii AND EKi'icniiNCY.— From the indicator cards given in Figs. 
81, 82, 84, 8.5, 8(5 and 87, and the data given in I'able 70 the horse powers have 


TABLE 74.— POWER FOE STEAM STAMPS. 


Mill or 
Authority. 

Kind of 
Stamp. 

Iiidiuatod Horse Vower. 

Up Stroke. 

I>own Stnike. 

Total. 

OoRgin.iv 

Old Ball. 

34 

47 

’81 

49 

Now Ball. 

35 

63 

9H 

44 

laeavitt.. 

4‘5 

(a) lo:) 

149 

48 

AlU . 

t’ 

1(19 

171 


(o) Tho total of tho upper erul, c.ileiilatod from the card in Ki/?. 82, is 149 !jors<\ power, but of this, horse 
power is used in compressing steam lu tlie lower cylinder and receiver and is used later for lifting the piston oo 
the up stroke. 

been computed and are given in Table 74. Fraser & Chalmers estimate 3 horse 
power for moving the valves and rotating the stem. Tho Allis halaneed valve 
would prohahly use much less than the slide valves. It should be noted here 
that the indicated horse power does not take account of elearance, which incrcaiieB 
the steam consumption and which is largest in the Ball .damp and least in the 
Leavitt. 

Tables 75 and 76 show the relative efficiency of the various types of steam 
stamps with respect to the weight acting per square inch of shoo area, the tons 
crushed per horse power per 24 hours, the velocity at the time of striking the 

* Blnoe writing the above the new syatem haa been Introduced into the new Oaoeola mlU and into the new 
hnadianmOL 
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FIG. 83. —VEI.OCITY GAUD OF THE LKAVI'I'I’ STAMP. 



FIG. 81. —INDICATOR CARD OF Till! NEW RALE STA.\I1>, IG'PER END. 
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TATil.K 75.— UPFICIENCY OF STE\M STAMl'S. 


M:JI <.r 

A iil.liorify. 

Hesign of Stamp. 

' (V>niiiler#» Striking 
I V.'oiglit. 

Area of Shoe. 

Weight of Stamp 
l>er Square Inch i 
of Shoe Area, j 

Capacity per 24 
Hours per 
Horse Power. 

43 

U 

45 

Fni»'r & (’Iml’imrs; 

Pcninds. 

s.r»o() 

Stjuare Inch< s ' 

.... 1 

Pounds. 

Tods. 

Mull. 1 

5.300 

5,000 

285.63 

18.55 

1.746 

Hi 

46 

Cuyahoga.' 

5,410 

5,570 

285 (W 

2a5 0.3 

18..33 

18.97 

i.TM 

4H 


1^5.Ui 

19..50 

1 1.754 

Cojftfin.'o 

01(1 R'.l .1 

4!r>(io 

a'H.'} .53 

19.50 

1.852 


TABLE 7G.—EFFICIENCY OP STEAM STAMPS. 
Ahbrevii.ttong.-Ft.=teet; Lb3.=poun,l8: Sec.=Beoon(is: 8q.=8quare. 


Mill or 
Autlior- 
ity. 

Design 

of 

Stamp. 

1 

Virtual 
Height of 
Fall. 

Weight 

of 

Stamp. 

Energy 
of 1 

Blow, 

(«) 

Energy of 
Blow per 
Sq. Inch of 
Shoe Area. 

Monumtum per 
Square Inch of 
Shoe Araak 
(6) 

F.£BcieDC]r 

Stamp. 

(c) 

47 

Coggin. 

Leavitt. 

Old Bail.... 

Ft. per Sec. 
20 

16 

Feet 
6.31 
_8.98 

Lbs. j 
5,800 
4,500 1 

Foot Llw. 
82.918 
17,010 

Foot Lbs. 
115.22 

j S71.06 

% 

69.61 

68.74 
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blow, the virtual height of free fall which would be necessary in order for the 
stamp to acquire this velocity, etc. 'I’lic column of cilicicncy in 'I’able TtJ in 
one way docs not do the Hall stamp justice, bta-ausc the modern Hall uses higher 
steam ju'cssure, and wouhl tliererore have higher velocity and possibly higher 
efficiency. But on the other hand, when we consider that the llall stamp has 
very high clearance and the laaivitt very low, if this was itn-lmbal in the compu¬ 
tation tile disparity would he much greater, ('oggin'" in JS.si; stated that the 
saving in fuel of the Leavitt over the old Itall was 10% and the gain in cajiacity 
was 35%. 


TAIlI.n 77.— EFFICIENCY OP STEAM AND OtlAVTTV STAMPS COMPAUEI). 



WtMKhl, of 
Starujj |)er 

Sf|ijart» 

Inch of ' 
Shoe Area , 

Velocity 

when 

SrrikniK 

Hlow 

Hcitjht.or 

Virtual 

1 tlcif^ht of ; 
Kail 

KiMTfjy 

of 

Bh»w. 

Kneruy of 
Blow per i 
K(|iian‘ 
lTi<*h of 

ShiM‘ Arctt 

lMoineii(iini| 
||MT Siiuarc; 
1 inch of 
Shoe Alcn 

Ctiptvcity 
IH*r 24 
Jloni's {M*r 
llor.se 
I'ower 

('aliforitiii Hiu]n{ts(a) .... 

(Jolormlf) stAnijw (ft). 

steam statup.. . 

J.hs 
ir. JW 

V.i !i:» 

1H rci 

l-'t. JKT See 
(j Ofi 

M 07 

2ii <1 

Inches. 

c sr. 
ir> D 

71 r> 

l''out jjhs 1 
‘ISO 
o:)7 

Foot IJ»s 

8 ia 
i:.2: 
iir, 2 

01 r>(i 

121 

;17I D.*> 

Tons. 

1 t.?J 

! (^) 1 4 

1.715 


(rt) ot :i4 iiuUs from TiibU* l.’il. tb) Avt‘ia;;t* of two nulls fnun Tablt* tiia (r) Duly out* mill K‘i'« 

capacity. 


In Table 77 are given com))arative figures of California gravity stamps, Colo¬ 
rado gravity stamps and the Leavitt steam stamp, which is the only one on 
which the author has conqilete figures. The table shows close agreement he- 
tvveeii the gravity and sfcani stanip.s in weight per sipiaie inch in pounds, and 
also in tons crushed [ler 3-t hours jier horse yiower, hut the other columns show 
the great jiower of the steam stamp blow. Tfie great diirerciice in the sizes of 
material Tcated hv the two machines should he borne in mind in comparing 
tons crushed yier horse jiower. 'I’he California stamyis are crushing to about 
inch ((1.7 mm.) while the steam stanqis an* crushing to inch (1.1(1 mm.) 

§ 130. Cost of Ciicsmi.no iiy Steam Stamps.— .An approvimalc iilca of cost 
may he ohlainm'l from studying 'I'ahle 7K. As the I'ost will Miry more or less 
according to the conditions, it i.“ clear that too much, reliance should not he 
placed on these figures. Two coliinin.s are given, one for soft amygdaloiil rock, 
and one for hard conglomerate rock. 

Douglas'* gives for the Atlantic mill in 1803, the cost of 35.0!) cents for 
stanqiing and washing a ton of rock. 

Goodale'" states tliiit the cost of crushing hy steam stamps is much less than 
with breakers and rolls wlii'ti trommels and elevators arc taken into account. 

§ 131. Clean 1;p.— In the mills stamping native copper it is customary to 
dean out the mortar as soon as small nia.sses of coyiper have colh'cted enongh to 
causa sliming and loss of copynT. 'the small mass coyqicr which has hceti hand 
picked from the feed chute and has rock adhering to it. is fed into the mortar 
just hofore cleaning, to sever the rock from it. The stamp is then stopped and 
held at the top of its stroke while the screen is removed and the accnnittlation 
called cover work is taken out. The periods at which ch'aning up occurs arc as 
follows: Mill 44, 13 hours; Mill 45, jierindicallv; Mill 4i), 8 hours; Mill 47, fi to 
13 hours: Mill Id. 3 days (w'hcn shoe is clianged). 

§ 122. Uses foh wmicii .'^team St.\.mps aue AiiAi-TEt), and ()tiAijTY op 
THEiit Work. —These marhines are th.c most yiow'erfiil erusln'rs known. For 
rock canwing native eojiper they setm indispensable, even though they slime a 
great d^i of copper. For crushing brittle ores preparatory to jigging, engineers 
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arc gonorally of the opinion that tlicy alinic the ore too much. The stamps 
are used, however, on brittle ores in three mills, (:i8, la ami 1:?) ; of these. Mill 
43 has just been rebuilt to use rolls for erushing, Mill 38 selrlorn uses the stamp, 


TABLE 


78.—ESTIMATED COST OF cnUSiriNG BT STEAM STAMPS. 



Avorago Cost ikt Ton (Ynshed. 

• 

Cn Aniygdtiloid UtK'k. 
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Rock 



(!ont,s. 
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1 t;<h 
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• kVnl'H *’Mt*ch Eiik roi;Kt>th<H>k/'p, TW. 


;y);(lalfM<}. 

.(50, 

hy (iKsittiiiii}; the 
«*«tiniate(i to 
(/) 
- hours 

ry ton ttf ore slamiied. 


ami Mill la .setlles Ihe whole of its tine overllow slitnes as snu'lting ore.* Table 
79 .shows to whaj extent the ore is slimed. 11 is interesliiig to compare this 
sizing lest wilh 1 ml of the same oi’e in § 97 eru.shed by bivakers and rolls. 


TABLE 79.—SIZING TE.ST OM BUTTE OHE (’RTIsriED BY STEAM STAMP,s’". 


Tlirouj^h I. on 3 8 inni 
“ 2 8 on 3 h “ 

" 2 (» t n 1 4 “ 

J 4 oo 1 0 “ 

*' 1 n on 0 h 

0 (5 on n 43 “ 

' 0 43 on 0 r* “ 

“ 0 35ou«.J3 “ 

‘‘ 0.12 “ 



Analysia 

Analysis 

Analvs 


ft>r Stiver. 

for Cojiper 

forOangi 


t )z pt*rT<m 

% 

% 

2 40 

8.0 

2.8 

67 2 

H 22 

0.0 

2..'i 

62.4 

^ i2 

10.2 

2 7 

61 4 

3 12 

10.23 

2 (i 

58 8 

8 HT) 

0 JW 

2.8 

.57 3 

•; 77 

10 8 

2.5 

.5.8.0 

«() 

11.9 

2 7 

49.1 

h 24 

14.1 

3 1 

46.7 

m .'■>2 

18.9 

4.3 

46.8 

100.<K1 





r.iopo lar^o sioaiii stiunyis liavt* not provod surccssfiil for siaiiipiiiff ffold ore 
A seven months- trial at the Hlaek Hills* showeu that the stamp ernshed 

too fast for the number of plates with whieh it was provided, also that the jar 
from the stamp loosened thi' amalgam on the plates; luit the former difficulty 
eould have been overcome by centrifugal pumps and hanks of plates and the 


• writing the above tJip Ht«anj Rtamps have been taken 
done by breakers and rolls. Mill 42 will probably follow suit. 


out of Mills 88 and 43, and th© crushing is 
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latter by suitable framing. The stamp used had an 11-inch cylinder, and 
3a-inch stroke, made 95 strokes per minute and used 900 gallons (3.75 tons) 
of water per ton of on\ The steam pressure was 85 pounds per square inch 
and the capacity was 125 to 135 tons per 31 hours, crushing through a No. 7 
needle (0.034 inch) slot screen. With a steam pressure of 110 pounds the 
capacity rose to 193 tons p»'r 34 hours. The screen lasted si.\ days. A finer 
screen caused the ore to bank in the battery and break the screen. On account 
of scouring action no inside plates could be used. The outside plates were 13 
feet long, 4 feet wide, and sloped inches per foot. The capacity per unit 
of fuel was the same as with the llomestake (gravity) stamj), but the latter 
crushed finer, wdiich is to its advantage. 

The sugge.stion has been made to the author to use a large steam stamp to 
reduce gold ore, to say inch in size, and Huntington mill, or some similar 
mill, to take the coarser portion and bring that down to gold mill sizes. This 
would make a much more conijiact jdant than the usual gravity stamps. 

Sm-vi.l Ste.vm Stami’s. 

P 133. Smai-l Steam Stamias have been designed for gold milling and 
prospecting. The special advantages which they offer for this jnirpose are: 
they have light weight for transportation; they can be quickly erected without 
a jicrmanent building and as quickly dismounted; on the.«e accounts they are 
particularly valuable for tiding over the period of doubt in starting new enter¬ 
prises. Among Uie de.signs that have been brought forward are the Tremain, 
the Sharpneek, the Hammond and the Wood. I’hc first is a good representa¬ 
tive of the class and will therefore be described. 

§ 134. The Tkkmain Steam Stame Mile (see Figs. 88rt and 885), is a light 
battery with two steam driven stanqis, especially adajded for proving up ])ro])- 
erties, but which may also prove suitable for permanent milling. The informa¬ 
tion obtaii'ed is mainly derived from Hates Iron Works Catalogue, No. 8. 
Sperry*'^ giv('s results derived from a year’s work with one of the.se mills. 

The mill has two stamps in one mortar, each weighing 3 im) pounds. The 
stamp drops from 5 to 8 inches. The mortar has a base; 33^x311 inches. The 
inside dimension at the discharge lip is 12X30 inches, the outside at the lip 
is 14X24 inches. On the top are four sockets, into which four iron rods are 
keyed; upon th<‘ ujiper ends of these rods, long screw threads are cut and the 
two steam cylinders in one casting are held in jilace by lock nuts above and 
below, thus giving an easy vertical adjustment of the same. The easting com¬ 
prising the two cylinders is hung on two trunnions, giving it perfect freedom 
to line itself with the stamp guides below. Lower down, on the two rear rods, 
the wooden stamp guides and tiie automatic fet'der (not shown), are attached. 
For the latter either a Hendy, a 1’ullock or a special Halos feediT may be used. 

The shoe and die arc 7| inches diameter. The new shoe weighs 113 pounds 
and is 9 inches high. The new die weigl'.s 62 pounds and is 5 inches high, with 
discharge lip 2 inches above it. This Mr. Sperry raised to 6 inches hy a 4-inch 
chuck block. The area of the screens, which are placed at the ends and front 
of the mortar, is 510 square inches outside the frames. The net sizes of screens 
inside the frames are: One front screen, 13X19^ inches, 334 square inches; 
two side screens, each 1?X8 inches, 193 square inches; total, 436 square inches. 
The raising of the height of discharge reduced this to 256 square inches, but 
did not materially affect 4he sped of crushing. The screen slopes 11°. Sperry 
used a 20-mesh iron wire screen which lasted 150 to 350 hours, or for 75 to 125 
tone, when it would break along the lower member of the screen frame. The 
frame can then be inverted and used until the other edge breaks. The shoe 
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does the duty of the boss and shoe together of the California gravity stamp. 
The rough east eonical soeket in the upper end is fitted to the turned eonieal 
end of tlie stem hy brass shims. 

A collar bolted to a recess in the stem serves to actuate th(> feeder. This 
collar is made eup-sliaped to keep (he cylinder oil from the amalgam. A care¬ 
ful engineer who feeds the rwiuired amount of oil—namely, one drop in three 
to five minutes—will have no trouble with the amalgamated jdates. Cotton 
wa.stc, soap chips and pearline, to catch and emul.sify cylinder oil. may be used. 

The stamp shaft revolve.s accidentally either way. It has, however, three slots 
or key seats with wooden keys to run in the same, to be used in ease the stamp 
persists in drop])ing in one po.sition. When this happens, the shaft is revolved 
to the opposite position and held there by the wooden key until the dillieulty is 
overcome. Shoes and dies wear ecjual amounts and very evenly. Sjierry found 
the wear to be about | inch or 10 poniuks jier 100 Ions. The available wearing 
length of the shoe is l| inches, that is, up to the bottom of the socket for the stem. 

The stamp is self-contained, bolted together in one eompaet part and has a 
total height of T feet (I inches. The piston is inches diameler. with three 
sets of piston rings to make it tight; the rod is 1 inches diameter; the total 
striking weight of piston, stem and shoe is liOO pounds when the shoe is new. 
Each stamp can, with 100 pounds per sipiare inch jiressure of steam, make 200 
strokes per minute of (i inches in height, 'fhe stroke can be increased to 
inches and decreased to 5 inches, and even less if necessary. It is maintained 
constant in running hy adjusting the cylinder. The number of drojis per 
minute varies with the steam pressure in the boiler. For a ti-ineh stroke it is 
as given in Table 80. 


TABLE 80. —NUMBEIt OK DROPS OK A TREMAIKT STAMP. 


n«)ilor l*re«Mirp jut Squarf luch. 

NuiiiLkt of Drops of Km-h SUirtip 

Poiindii. 

JH.T Mimitt*. 

GO 

140 

HO 

JHO 

100 



The two cylinders arc alternately fed with steam below the j)istons, having 
an annular area of 11.1!) srpiare inches. As the lower edge of Eo. 1 piston 
reaches a point 1.7 inches from the top of its stroke, it passes a port into which 
the live steam rushes and throw's the main slide valve, 'i'he throwing of this 
valve produces simultaneously the following actions: (1) It cuts off the stcani 
from the under part of No. 1 cylinder; (2) it connects the under part of Ehj. 1 
cylinder with the upper part; (2) it closes the e.xhaust port of the upper part 
of No. 1 cylinder; (4) it opens steam feed to the under part of No. 2 cylinder; 
(5) it opens the exhaust port to the u]iper ]iarl of No. 2 eyiinder; ((5) it breaks 
the connection between the upjier and under parts of No. 2 lylinder. A differ¬ 
ential action then takes place in No. 1 cylinder; the steam is pressing down on 
23.7G square inches of surface while it is pressing upward on only 11.19 square 
inches. There resull.s a cushioning of the nji stroke followed by a rapid and 
powerful down stroke in which the steam acts wholly c.xiiansively. 'Fhe throw 
of the valve to admit steam below No. 1 piston is caused by No. 2 piston and it 
takes place after the blow is struck by No. 1 piston and stem. 'I’he cycle of 
No. 2 piston is precisely the same. The blow' is said to be lYpial to that of an 
800 or 1,000-pound gravity stamp falling 8 inches. 

The capacity of erashiil'g through dO-mesh is given by Gates as 8 to 20 tons 
per 24 hours aecording to the rock, average 10 to 16 tons for ordinary quartz, 
consuming, according to speed, 7 to 10 horse power. Gates furnishes either 
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10 or 15 horse power boiler, but recommends the latter, to meet the extra calls 
it may be asked for, for example, pumping wafer for the mill. One cord of good 
pine wood runs it ai hours and IJ miner’s inches, or 800 gallons of water per 
hour snilicc. It is betier to allow 1,000 gallons if it is to be had. Sperry found 
the eai)aeity to be 0.0 tons on hard and 10.a tons on soft <|uartz ore through 20 
mesh per 21 hours; he needed .1,000 galhms, or 12| tons water per ton ore when 
apron plates sloped 1J inches per foot, owing to much iron in the ore, hut reduced 
it to J,000 gallons or 1 tons water per ton oii' by adojding 2 inches per foot 
slope of apron plates. 

ttates claims that 80% of tin' total amalgam is caught on the lip plate and inside 
the battery, using small plates in the eorner.s. .Sperry found the .scour on these 
corner plates too great, even when protected hy a screen, also that a plate up on 
the high chuck block was not satisfactory, so that very little amalgamation was 
aeeom)dished inside the mortar. (Jates now recommends a plate at the rear 
sloping l.‘)° .Iperry found that he u.sed 2.1 cords dry sjiruee and pine per 24 
hours, or cor<l of wood per ton of ore. This indicates 12 horse power re¬ 
quired for Ins stanqis, but it could have heeen greatly reduced if the boiler had 
been covered w.lh non-conductor. 

This stamp mill can be erected in four to eight days. It is made in two 
forms, portable or not. The nun bine wdghs ;?,10() pounds, is complete in itself 
and only nee«ls a snhstanfial mortar block. 

S})erry obtained from (iuuni.son (Colorado) ore stamped through 20-mesh 
scre('n: 
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The ore by careful laboratory test, yielded 18 to (10%, average 50%, of 
its g<dd to amalgamation. 'I’he mill yield rang(d from 4(1 to 55%, averaging 
457e. During llm last month the lahoratory t<'st yiidded 52% and the mill 
yielded 40.8%). 

Paul Hanson and M. C. Davis, of Wolf Cmek, Oregon, each of whom had 
run a machine for a year, lestify that there has been no e.xpense for repairs, 
while Sperry's only ex](ense during a ycii’’. was for a few bolls. 

The machine has to be properly eared tor in order to do good W’ork. If the 
shoes and dies are not of the same height for both stems, it will give trouble. 
For the.se rea.sons it has been condemned by some who have attempted to run it 
in the caredess, go-as-you-]dease fashion whicli fnaptenlly occurs with gravity 
stamps. 

Pneumatic .and Spuing Stamps. 

§ 125. These machines aim to get the heavy blow and high speed of the light 
steam stamjis, combined with the sinqilicity and economy of power of fall stamps 
derived from driving many stamps by one engine of eeononiieal design. Power 
is transmitted by crank, eonneeling rod, cross head, air cylinder or .spring to the 
stamp. They all seek to deliver their blows at high velocity before the crank 
has reached its lower dead center, and partly on this account and partly also 
owing to the variable height of rock upon the die, they require an elastic con- 
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lire! ion In'twccn thn cross head and the stamp head wtiich strikes the blow. 
Till' de.si},m of a sati.sfaelory elastic connection has been the chief obstacle to the 
introduetion of these stani])s; lieside, they all have high costs for repairs. They 
are suited for medium rather than iiTie crushing, owing to the dillieulty of using 
tine sereiMis on lai’ge surfaces. Brief mention will be made of several varieties 
of these stamps. 



ST.VMP. 

FIG. 8ita.—PiltENlX ATMOSPlIEUiC STAMP. 


§12(i. The Piuemx Atmospherio Stamp. — For many years’a pneumatic 
stamp was used on native ':of)p<T rock at the I’hmnix mine of Lake Superior. 
Its discontinuaiKP there was due, to the shutting down of the mine. In this 
stamp (see Figs. Situ and 896), the stamp Ix'ads are air cylinders with pistons, 
the rods of wliieh an- given a reciprocating motion in guides by a crank shaft. 
The motion is eomniunieahid to the .stamp head by the coinymession of the air 
alternately ab( ve and below the pi.ston. At the lower end of the cylinder ot 
stamp head is attached the .shoe which takes the wear. The mortar, dies and 
screen,' are moun'ed much in the same way as in a California gold stamp jnill, 
except that six starnp.s are used in a mortar instead of five. The crank shaft 
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has six cranks which divide equally the circle. The order of drop appears from 
the figure to be 1, 6, 3, .5, 2, 4. Each battery has its own independent engine 
attached to it. The cylinders have stulling boxes above and are stopped off air 
tight at 14 inches down, giving the piston, which is 4J inches in diameter, a 
cylinder 14 inches long in wliich to travel. The whole length of the head, with 
shoe attached, is 54 inches. 'J’lu' head runs in guides in the cover of the mortar. 
The cylinders each have two s(>ts of small holes for admission and emission of 
air. These ensun' a more elastic air cusliion, increase the force of the blow and 
ri'duce the jar and noise. The stamp strikes 130 blows per minute and the six 
stamps reduce 40 tons of amygdaloid rc^ck in 24 hours to pass through a -inch 
diaimtcr hole. Tlie mill is said to be expensive in repairs. 

Kkaosu'.s Tnuumatic Stamp.— I’his stamp was used at the Ilecla tail house 
of the Calumet & Ilecla Co. for many years to crush ineludcd grains of native 
copper from fV inch in diameter down to inch in diameter. The machine 
was inoimlcd one stamp to a mortar much like a small-si/ed Bull steam stamp. 
The frame consisted of two strong posts with cross tindiers to guide the stamp 
rod and cross head, and at the top having a shaft, a driving pulley, a fly-wheel 
and a crank. 'I’he power from tlic crank was conveyed by connecting rod and 
croa.s liead to a large piston ])la\ing uj) and down in a pneumatic cylinder some¬ 
thing like 12 inches diameti-r and 20 inches long. The condition of the lifting 
air cushion and striking air cushion was regulated by placing admission check 
valves and emission rhcck valves us well as air cocks in suitable places in the 
wall of the cylinder, the idea being to strike a hard blow and at the same time 
to raise the cylinder as high as possible. This pneumatic cylinder was con¬ 
nected with the stamp rod, which was widened below and keyed to the shoe in 
the same m.inner as the Ball stamj). 'I’he cajiacity of this stamp W'as 15 to-25 tons 
in 21 hoi.vs, crushed to [lass through a hole, according to the condition 

of the shoe and the care with which it was fed. Its best work was done with a 
layer 1 inch hick on the die. This stamp was finally replaced by Jlebcrli mills, 
w'hieh re(|uired less rejiairs and had greater capacity. 

Tun lli'siiAVi) and Siioi.l Sta.mp.s are of this class and are much like the 
Krause .stamp. The Husband stamp* is winning out on tin ore at TIolcoath, 
and East Pool, I'ornwall. A battery of four Husband stamps crushed 100 tons 
of moderately hard t ornish tin ore in 24 hours through a No. 3(5 .screen, using 
93.6 indicated hor.sc' power. The cost of repars for 12 months, including shoes 
and dies, was 9 cents per ton”. 

Morison’s Hioh Speej) Stamp is a recent invention and combines the prin¬ 
ciples of a pneumat ic and gravity stamp. 

§ 127. Spring Stami’S replace the cylinder and piston of the pneumatic stamp 
by some form of spring. Three de.signs of this class of stamps are here noted : 
the Ellenbecker, the Patterson Elephant ore stamp, and Dunham’s spring .stamp. 

The Ellenbecker stamp was used many years at the (talumet & Hccla tail 
houses for crushing included grains, W-incli maximum diameter to about i^-inch 
diameter. In this, the flexible connection was made by a spring somewhat like 
a carriage spring consisting of many layers of rubber belt, wound in elliptical 
fonn. The difficulty met with in this machine lay in the heating of the spring, 
for, after it had been run a few hours, it had to be stopped to cool off. The 
rubber also rapidly deteriorated. For this reason it wa*- replaced by the Krause 
pneumatic stamp. 

* The Husband stamp is also being tried at the new Klein-Fontein mill in South Africa. 
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of a mortarstanding upon a mortar blook A. Tiie stamps are lifted by cams 
U, keyed to a cam shaft B, and drop in the mortar. A strong frame supports 
the cam shaft and tlie driving gear. A single mortar has from one to six stamps 
dropping in it. Five is the almost universal number in this country. One 
mortar with the accompanying stamps, cams, frames, etc., is called a stamp 
battery. This machine may be described in detail as follows: 

§ 1<!9. Foundation.— I'he foundation of a battery is of prime importance; 
if it is not well made the battery cannot be run at full capacity h'st it shake to 
pieces. A trench is generally dug in gravel or blasted in rock to receive the 
mortar block. This trench is usually the length of the mortar block plus two 
feet at each end and may be the width plus two hn't at each side, more or less. 
This is sometimes walled in with masonry, as in Fig. d’he bottom is gen¬ 
erally leveled with a layer of concreti' or sand or clay well tumped in. In regard 
to the use of concrete, llardinan says it should not be less than 30 inches thick, 
otheiwise it may crumble and give trouble. Its use saves the more accurate 
leveling of the rock, which is nec('ssary when sand is usc'd. 'J’he use of sand is 
simply to level up with a thin layer the last of the irri'gnlarities of (he rock. On 
the sand or concrete! may be placed two layers of 3-inch plank spiked together. 
These planks also save time in construction by avoiding the necessity of smooth¬ 
ing the rock. 

The Morth Star IMill (see Fig. 93) lias beneath the mortar block a layer of con¬ 
crete 2 feet thick and walls of ashlar masonry 3 feet thick around the sides of 
the trench.*'' 

§ 130. Titp. Moiitau Bi.ock (see Fig.s. 90 to 93 inclusive) consists of timbers 
or planks on end which stand upon the sand tamping, the planks or the concrete, 
or they may be carved out to fit the rough surface of the rock. It may be made 
of a length suitable for 6, 10 or 30 stamps. The first is the usual construction. 

TAUr.E 81. —AfOIfTAU HT.OCKS. 


Ahhrpviations -Kt Iri.-=iiu*hoH; No.—nimilif'r. 


MiU 

No. 

IK'pth. 

IiCUBth. 

Widtli. 

Fouiidaliuii 

Material. 

II<»w Fastened. 

55 

56 

67 

58 

69 

60 

61 

68 
64] 
67 

08 

71 

78 

74 

75 

76 

77 

n. In. 
18 0 

9 0 

14 0 

15 0 

18 9 

Ft. In. 

Ft. In 
8 8 

8 4 

2 6 

8 0 

8 6 




4 10 

4 m 
6 0 

5 0 

Knlid rock ... 
Concrete (/>). 

8 iucli planks. 

.:o.\:t4i-inch tituhei's. 

Hy wire spikes. 

See FiB. 98. 

Solid rock... 

:U>.c8n-ineli timbers. 

by 1-incb ixOis. 

By 1-inch Imlta. 

14 u 

19 0 

15 0 
18 0 

9 2 

W 0 

4 10 

4 8 

[ 4 n 

c88 4 

4 7 

el8 0 
el8 0 
elH 0 

4 10 

4 C 

8 6 

8 8 

3 O) 
8 (> 

8 4 

8 0 

8 0 

3 

4 5 

1 4 



Solid ro(;k.... 
Sfilid rock or 
coi'crele... 
Solid rock ... 

8xI3-iiich pliiiiKs. 

Spruce, oi' suj.'ar|nne, ?10x | 

50 inciics.) 

SpriK'e (Jx2 in., and 18x8 in. (d).. 

Hy 3()-penny spikes. 

Ry keys and si« l>4 hich bolls. 

By spikes 5 inches I<»iib. 



By six 1-inch bolls. 

Solltl rock.... 
Solid rock... 
Solid roekt/) 


lU 0 

9 0 

10 0 

<17) 



Pine timliers 8!>x89 iiiclies. 

Hy tlirce lKi-n»ch Ijolts. 




88 


4 7 

8 4 




88 

14 0 

el8 0 

8 6 




84 

10 0 

5 0 

8 0 




87 

9 0 

clO 0 

8 6 




88 

18 0 

4 8 

8 2 

Solid n»ck... 

Planks. 



(a) With widtli parallel to cam shaft, (h) 8 fe«»t thick, (c) For four liattc Vs (sot* Fijs. Wh. id) PlaiiMl and 
jointucL (r) This is the leJiKth over all. The autlior is in doubt whether tii«*«e are individual or coiiibiD^ 
mortar blocks. (/) Leveled by sand. ((/) Ilorizootal stick of Oret^on pine 8 feet square, luitl uu six transverse 
mud sills. 

As shown by Table 81, mortar blocks vary in size from squared timbers 30X30 
inches down to planks. 2X13 inches on end laid together, breaking joint and 
held together by bolts, or limber buckstaves and bolls. Planks are better than 
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FIG. 91a. —SIDT5 ELEVATION OP STAMP MILL. 

timbers, because sounder wiod can be chosen, their ends are more easily carved 
to fit the rock and they are easier to take down. The timber which is used in 
the mortar blocks is exposed to hard usage as to vibrations, stresses, and decay. 
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§ 130 

It will be a proper matter for the millwright to consider whether one of the 
methods of preserving timber, for example, creosoting, kyanizing, Burnettizing, 
or tarring may not be employed to advantage. The last-mentioned is reported 
to have been used bi'neficially in a number of instances. 

The top of the mortar block should be made perfectly flat to avoid a convex 



or concave bearing either of which might crack the mortar. It is not con¬ 
sidered good construction to connect the mortar blocks rigidly to the frame on 
account of the additional jar produced. 

The mortar blocks extend ]| inches more oy less beyond the sides of the 
mortar flanges. They are, however, of the same length as the mortar. They 
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are held vertical by tamping stamp sand, rock, loam or concrete all around them 
to fill the pit. 

In a recent addition to Mill 55 the mortars each rest upon a 7-ton block of 
cast iron and these blocks are iinbeddi'd in a mass of eoneret<>. A similar ar¬ 
rangement occurs in the new 300-stamp mill recently added to the Aluska-l’read- 
well plant on Douglas Island, Alaska. 

Concrete mortar blocks arc cheaper and more durable than those made of 
wood. It is claimed that they lack the resilience of timber on end, which gives 
greater life to the parts. On the other hand, at the Lake Superior cojiper mills 
it has been proved for steam stamps that Ihe more solid the foundation, the 
greater will be the capacity, u'ithout causing increased breakage (see § 108). 

The mill of the Banner mine, Oroville, Cal., has just put in a solid concrete 
mortar block for ao stamps, of the dimensions shown in Fig. 91, and the first 
month's run with it lends to the expectation that 5 tons in 34 hours can be 
crushed per stamp. It is estimated that the improvement due to concrete over 
wood will be at least i ton per stamp per 84 hours. Except for an intervening 
rubber sheet of pure gum I inch Ihick, the mortar rests directly on the concrete, 
the holding down bolts being bedded in the concrete. The stamps weigh 1,065 
pounds each and drop 4 inches 110 limes per minute. The height of discharge 
is 4 inches and the .screen is 30 me.sh. The diameter of the shoe is 9 inches. 
A single discharge; mortar is used, 'fhe ore is hard quartz in thin parall<;l veins, 
with stringers of slate between. 

When’ it is necessary to found a mortar on marshy or unreliable ground a 
pit is dug 1 to 3 feet deep and largo enough to hold the horizontal frame about 
to be described. The bottom is carefully leveled, and bottom limbers 13X13 
inches X18 feet are laid horizontally at right angles to the cam shaft at dis- 
tanc4's apart corresponding to the posts. For five stamps two, and for ten 
stamps three, bottom timbers arc used. If the ground i.s very unreliable, the 
space between these bottom timbers is filled up with like timbers. If not so 
bad, the space immediately underneath the mortars is filled with short blocks 
13X13X34 inches, parallel to the bottom timbers. Next above, six mud sills 
of 13X13-ineh timbers are laid parallel to the earn shaft. Two are in emitact 
with each other and lie under the mortars. Two more divide the space to the 
ends of the bottom timbers and the remaining two are placed at those ends. 
Upon the mud sills lie the cross sills, which are like the bottom timbers. All 
three sets are now strongly bolted together by vertical bolts and the spaces be¬ 
tween the limbers are filled with stones, gravel or loam. 'Phe mortar block is 
now made by laying a horizontal timber, 30x30 inches to 30X30 inches, par¬ 
allel to the cam shaft, upon the frame just described, and long enough to support 
the one or two mortars and the two or three posts. 'Plu; mortar block is bolted 
to the frame and the posts are mortised into the mortar block. 

In the Dahlonega district of Georgia", with stamps weighing only 450 pounds, 
each, the above construction is common even in solid ground (see Figs. 95a and 
956) in Mill 77 the mortar block is a horizontal tim'ier, 34X84 inches, of 
Oregon pine, lying on six cross sills 8 fwt long. In this mill the mortar blocks 
of timbers on end gave troubh' by breaking stamp st<'ms, owing to the long, 
high drop of the stamps. This type of mortar block is illustrated in Fig. 96. 

§131. PnACiNO THK Moetar. —Ui)on the mortar block three thicknesses of 
common house blankets, costing $9 per pair,'*" coated with tar on both sides, are 
placed, or blankets may be used without tar, or sheet rubber j to f inch thick 
may be wed. This packing gives an even bearing, reductis the jar to a minimum 
and prevents dirt from entering to destroy the level. Vertical bolts, Ij to IJ 
inches in dieraeter and 3 to 4 feet long, for holding down the mortar are set into 
the mortar block. These may have nuts and washers, or keys and washers 
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below, for which recesses have been cut in the side of the mortar block (see Figs. 
91a and 915) or they may be eve-bolts which have bcTii Ic't into the sides of tbe 
mortar blocks, and which are held by horizontal 2-inch bolts passing through 
the eyes and through tbe mortar block. Witli the latter, the mortar is more 
securely and eveidy tied to tlte block, and the block is more easily replaced.'® 
Table 82 shows the kind and size of bolts rcconmumded by manufacturers. In 



FIG. {)r>a .—SIDE ELEVATION OF THE It\LL STAMP WILL U.SEI) IN TItE DAIILONEGA 

DISTIilOT, OEOUOIA. 


TATilF. S2.—BOLTS FOP. LIOLUINO OOWX THE MOUTAIL 

Manufactiin r. . Kind iiC Bull. I Niinil..T ..f Dtanii'OT iif Bolt. IjiukHi of Bolt. 

I IHT Mortar. liidieH. inches. 

Fraser H- Ohalmers. hVy aritl washi-r. ' h Ij4 82 

McFarlau**. t.ve 'mlf. I. ju , 

Union Iron Works.. aud washOT. 8 80 











1 1?’0'' 


_ 

riG. 956. —FBONX ELEVATION OF THE SAME. 

























































152 OBE DRESSim. §132 

Mill 67, 12 threads to the inch were found to hold better than 6 threads to the 
inch on IJ-inch bolts. 

The Dahloncga light mortars with stamps weighing 450 pounds are held down 
by wedges across the top of tlie mortars and ar(> held against lateral movement 
by a rib running lengthwise, east uj)on the bottom of the mortar and let into 
tfie mortar block (sec-Fig. 95a). 

The Feames.— 'I’hese structures are made to sup|)ort Ihe earn shafts 

and generally the main shaft, and also to guide the .stamps. They are made 
of wood, east iron, steel or wrought iron. They consist of the mud sills, cross 
sills, posts, braces and guide timbers. 



A. Die. 

B. Shoe. 

C. Mortiir. 


D. Position of rear inside plate. H. Amalgamating table. 

F. Boss. K. Position of front inside 

G. Stem. plate. 

FIG. 96.—A GILl’IN COUVTY (COLOUADO) STAMP MILL. 


§ 132. Mud Sills.— (Sec Figs. 90-92).—These are commonly three or four 
in number; six are sometimes used. They arc 12X12 inches to 24X24 inches 
in section, according t(' the w'cight of the stamps, and they rim the whole length 
of the mill parallel to the cam shafts. Sometimes they rest upon and are 
bolted to masonry. Two of them arc near the mortar blocks, one on each side. 
The othirs are distributed Ho suit the frame. Table 83 shows the sizes of mud 
sills recommended by m-anufacturers and authors. 
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TABLE 83. —MUD SILLS. 



(a) Laid in <‘oncn*t<». (b) (Vmwilidalt'd Vii jfinla mill. 


§133. Cross Sills Figs. nO-3S) aro 13X1 (> inches to 20X24 inches, 
according to llie wciglit of llic si.anips, and 13 to 20 feet long, according to the 
demands of the frame. 'I’hey are laid horizontally across the mud sills, to which 
they are tioiched ami holted. 'I’hey are ])laced one undiw each post and conse- 
i|uenlly there should he two, or one of douhle size, under the eentcr post of two 
adjacent h!itt<'ries, where the W'cight is douhle that upon the end sills. Table 84 
show's the sizes of cross sills. 


TABLE 81.— CROSS RILLS. 


Mill. Manufacturer 
or Author. 

Size. 

Length. 

Mill r>7. 

Mill 01 (a). 

Mill ‘)7. 

Fraw^r H: Uhalmer.s.. 

McFarlane. 

Union Iron Works... 

InclM*s. 

TJxlG 

< HxIHaud 

I 80x84 

I8x1N 

J8xlH 

12x18 

J2xlH 

Ft. In. 
r,i 1 

11 0 

84 0 

80 0 

10 0 

10 9 

17 6 

Eglt‘ston‘^ (6).. 

Kisslei 7. 

20x80 and 14x80 
18x24 

88 0 

18 0 


(a>Thi<! Tnlll has Iwonty stamps tn one frame and has five cross hJIIh, or one under each post. The twoout- 
sldt* ones ar«* 14xlS inches, and 84 feet lonjf. The middle one is 80x24 inches, and 84 feet loiijr. The other two 
are HxlH inches, and 14 feet lonjr. They are made of spruce or sugar pine. (6) Consolidated Virginia mill. 

§ 131. The I’o.sr.s.— (Sec Figs. 90-!)2).—Upon the cross sills stand the posts 
in frames for ten or twenty stamps. The end posts arc 12X24 inches in section 
in 11 mills, 14X21 inches in 2 mills and 11^X23 inches in 1 mill. The middle 
posts are 24X24 inches in mills, 12X24 inches in .'i mills, 20X24 inches in 3 
mills, and 23JX23J inches in 1 mill. When four batt(>ries aiu framed together, 
the posts next tlu! end are the same size as the end posts. A 12x24-iuch post 
may he made from tw'o i2X12-ineh tindiors, but the surfaces must he true and 
they must he pin doweled and thoroughly holted. Such posts were in good con¬ 
dition after six years’ w'car.’” Table 86 shows dimensions of posts. 


TABLE 85. —POSTS. 

Mil! or Manufocturer. 

Height 

Distance from Top of 
Cross 8111 to Top of 
Lower Cluiile. 

Clear Space between 
r ddes. 

I )istance from Top of 
Lower Guide to Cen¬ 
ter <»f Cam Shaft 

Mill 57. (a).. 

Mill 04. 

Fraser & Chalmers.... 

McFarlane.. 

Union Iron Works. 

Ft In. 

21 8 

81 8 

22 8 

19 4 

22 0 


Ft. In. 

0 8 

7 5 

6 5 

6 8 

7 4 

Ft. In. 

3 1 

2 7 

1 8 4 

8 8 

(a) See Figure 98. 
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Thp posts aro mortised or lot into tlio cross sills. Burkstavos are placed over 
the cross sills on each side of the I'uorlar block (sec Bigs !)1h and 9;i), and are 
bolted horizontally tbi'ougb the jx.sts from fj'ont to nair. They may rest on 







r:i O' j r 0 




FIG. 100a. —FAKGO OUiniJS. 



FIG. lOOft. —DETAll.S OF FAnoO GUIDE. 


the cross sills and be bolted vertically to them. In some cases (see Pig 90) 
there are also borv/.ontarbnekstavcs extending about \ inch above the top of the 
mortar blook and serving to keep the rubber from sqmx'zing out. From 12 to 
lb feet above the top of the cross sill the posts are notched in, nearly to the 
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center, to receive the cam shaft boxes. These notches may be cut either in the 
front or the rear sides of the posts, a<'cording as front cams or rear cams are 
used. 

Si 1d.5. (tItjue Timiieks.— 'I'he two guide timbers (see Pigs. 90-93), which are 
about J1 inches s()uare, are iiotclied and bolted to llie posts ui>on the same side 
as the cam shaft bo.\(‘s, and are in the clear, about 9 feet distant above and 
Ix’low respectively from tlic center of the cam shaft. The lower timber is fre- 
(|uenlly made a little larger than the up[)er. They usually extend the length 
of the two or four batteries, according to the frame msed. Thc.se guide timbers 
must be far enough ajiart to allow for the sweep of the cam, plus the height of 
the ta[)[)ef, with suiliei'mt clearance. On the inner side of the guide timbers 
are the guides (.sec Pig. 91rt). 

§ l.'bi. (iI inns are ])rovided to keep the stamp rods vertical while they rise 
and fall: to this end their chief duty is to re.sist the side thrust of the cams. In 
the various designs that have bci'ii ado])ted, simplicity and the reduction of fric¬ 
tion and wear arc ibe main features sought. 

'I’be ordinary guide (see Pig. 9i) is of two planks, each 3 to 8 inches thick 
and 13 to t!( r.cbc.s wide, yielding a bearing of that length. Half the bearing 
for the slam)i stem is cut from each plank with the grain horizontal. At 
the llomestakc mill Ihey arc held to Ibe guide timbers by eight J-inch bolts. At 
the start they arc .sbimnicil apart and as they wear, tiie shims arc thinned in 
until they are taken out allogefber, and as they wear further, the inner surfaces 
are planed olf to restore the diameter of the holes. During this period they are 
lined up by putting in shims between the rear guide and the guide timbers. The 
woods an preferred in Ibis order: Oak, liickorv, heart of maple, and pine. At 
the Oriental mill, \’icloria, eucalyptus guides last ll> years.=> 

Wooden guides with grain parallel to 
Ibe stamp stem, called (larallel grain bear¬ 
ings, give less friction and lust longer than 
those with horizontal grain."“ To get 
tlie.se bearings, sectional guides must be 
used. .An additional advantage of sco- 
tional guides is, that the blocks of one 
bearing can be removed without di.«turbing 
those of the next, and ad,)u8lmenl can be 
made for each individual stamp. 

.At Milt (12, ordinary guides of maple 
are used until worn out. Then square 
hole,' are cut in them and bushings of niajile or beech, made in halves, are put 
in to lake the wear. 

A soft wood guide wil'i largi' holes and four hard wood keys, forming four 
parallel grain bearings for each stem, overcame the cost of renewing soft 
wood guides.''''' The lake up of this and all the (iri'ceding forms of guides 
except the ordin.'ry form is to allow for both side and end wear. 

A east-iron guide with vertical w'ood bearings is .shown in Pig. 98. The 
Acme guide is shown in Fig. 99. 1’he Fargo guide is shown in Pigs. lOOo and 
1006. 'I’lie take-uj) of the Kargo and Acme is for end wear only. An iron guide 
lined wiih hard wood, with end grain i.s shown in Fig. 101, The take-up of this 
is for both side and end wear. 

Mill 64 uses on ton stamps plain, sectional, east-iron guides without babbitt, 
with the hard scale removed by an emery wheel. They are called the Globe bat¬ 
tery stem guides. After six months’ use they show no wear on the guides or 
stems, and are very handy for repairing one stamp at a time, and they keep the 
stem in a vertical position better than the ordinary form. 
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The Tenth U. S. Oeiipus^’” gives east iron habbittcd, east iron lined with raw 
hide, and lirass, as being used for guides, but notes nine iristanees only of iron 
guides, while it rocoi-ds 2I-1 of wood. Iron guides an; quite generally used in 
Austral ia.“' 

Table 8(1 shows the details of the guides found in the mills. It is noteworthy 
(hat the ordinary guide oeeurs in 17 out of 25 mills. The millmen prefer it 
over the t>a(ent guides on the market on account of its simplicity. They claim 
that the latter have too many bolts, nuts and wedges in their make up, and arc, 
therefore, very bothersome to change and readjust. 


T-vni.E 86.1—fUTiims. 


Mill 

No 

PitItiTn. 

Malerial. 

Ijongih Along 
Stoin. 

Thickness 
(Both Halves 'i 

I*lfc. 

Clrcust'd by 

27 

Ordinary. 


liicht's. 

Indies. 


i Orcasp scraped from 

sn 

50 

Ordinary. 

Ordinary. 

Maplo. 

Ilnrd w«khI. 

14 

8 

IIHHlths. 

1 ioiirnal boxes in mill. 
Tallow. 

I'Yasor'.s axle grease. 
Machine **il 

57 


Wood. 

(a) 

(h) 

11) voars. 

5K 

Oitlmary. 


5» 

Onliimry. 

OuK or hard )>iM>‘ 
(>alr. 





61 

Ordinary. 



Over 5 years... 

<ira|)hit«‘ gn‘Hse 

1 Mixt.im* of graphite, 

62 



ic) 

1 

fM 

iOrdiiiarv (d» .. 



■I v....ro 

i far and tallow. 
AUnuiy compound 

t Sectional (ej.. 

Cast iron. 





Sectional. 






66 

Ordinary. 




1 >ak, IH inontlis 

Mixture of graphite 

67 



14 


Pine. 4 months 

2 years without 

and lms«‘<‘d oil. 

Hot talh»w and gra- 

68 

Acme. 

Wood . 

.< 

planing. 

l)hit<* at start, (ft) 

71 

Ordinary.. 

Wood . 





72 


Wood. 





78 

St'tcfiional. 

Cast irtm {f).... 





74 

StiCtlonal. 

Cast iron (/).... 





75 

Ordinary. 






76 

Ordinary. 

Oak. 




floiled in tallow at start 
FraM‘r'8 axle grease. 

77 

Ordinary. 


12 



82 

A.OIIIC. 

Wotxl.' 



88 

Kaixo. 

W<.od.1. 




81 

Fargo. 

Wood.i. 




87 

Onliiiary. 

Wood..... i. 



.\xle greasf*. 

88 

Ordinai'V . .. 

Hard \v4K»d. I. 




(a) Iii|)-1K irn-h.-s. hottoni = ro>^ inchra UaTne-ll in.-hi's; l«,Uom-14 Incli.'s. (r) T<il>=12 Indii's; hot 
tom^lfi ini'hos. MM)a SO sliimiis (p) on 10 stumps (/) Wooil lim-il. (o) Hel<l to kuiiI.- tiuihnm by bolt* 
inches in dinmcUT and diagonal castdroii washers ^ inch thick, (h) Little or none aflorwurd 


The guides are lubricated to overcome friction and .«o to give the maximum 
speed of dro]) of the stamps. Fluid animtil and vegetable oils art' bad because 
they sicken the mercury on the amalganiated plates. On this account the guides 
should be .sparingly lubricated, and that with solid lubricants, such as are given 
in the table. Tlie Albany ctirniiound mentioned, is much like axle grease. In 
Tasmania an instance is given of stamps crushing tin ore in which the guides 
are hollow cast iron filled with tallow. Hard sotqi is used bv many and com¬ 
mended because soa)) brightens amalgamated plates. Hard wood guidt's should 
be soaked with lin.seed oil before mounting them. Iron guides babbitted, re¬ 
quire far more lubrication than wood. 

§137. Pi.ATi'OKMS. —These are needed to stand upon to lubricate the guides 
and cam.s, and to tend the tappets and stamps generally. The jilatform must 
be placed on the opnosite side from the cam shaft and it is u.sually continued 
around the other side. If in front, it is liable to cut off light. U should be 
strong, have a tight door and a railing. 

§ 138. Forms of FiiA.\fK.s.—Braces and tie-roils are list'd with the posts and 
sills to complete the frames, and tlit' framt's so made have reet'ived different 
names according to the way in which they are combined. Wooden braces stiffen 
the frame, but iron tie-bolts occujiy less room and can be tightened. If only- 
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one kind can be nsed, it should Ik; the wooden brace bolted to the cross sills and 
to the ])osts. I’robably the best cotistnietion is a combination of the two. 

There are two general classes of frames: A frames and Knee frames. Each 
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of these has different varieties, as is shown by the following list of frames from 
mills and authors: 

1- Front A frame with cams in front revolving away from the bin (see 
Fig. lOa). 6 J V 

P’ront A frame with cams behind revolving toward the bin. 

3. Heversc A frame with earns in front (see P’ig. 103). 

4. Iti'verso A frame with cams behind. 

5. Double A or double brace with cams in front (see Fig. 104). 

6. Front Knee connected with bin, cams in front (see Fig. 105). 

7. P’ront Knee unconneeted with bin, cams in front (see Fig. 106). 

8. P'ront Kjiee unconnected with bin, cams behind.* 

9. Front Knee with brace put down and with cams in front (siie Figs. 107). 

10. P’ront Knee with brace pul down and with cams behind. 

11. Back Knee or single post frame with cams in front (see Fig. 108). 

lit. Buck Knee or single jiost frame with cams behind. 

13. Back Knee with a brace with earns in front (see P'ig. 109). 

A frames (1 to 5) are adapted for light stamps under 75(1 pounds, being 
simple and less expensive. P'ront A (1 and 2) is suitable for hand feeding. 
Iteverse A (.‘i and 1) is good where meehaideal feeder is used, as it leaves the 
front ojien for ob,servation. Double A (5) is to be used where great strength 
is needed. 

The P’ront Knee (6 to 10) is the heaviest and most exjiensivc. It is the best 
for heavy stamps, and is the best in regard to solidity, position of shafting and 
wear of belting, us it allows large pulleys and horizontal belts with no tightener. 
The shafting and belt are out of the way, uji where it is clean and dry. 

The Hack Knee frame (11 and 12) is strong and compact, but the main shaft 
has to rest on the sills, which is an inconveient place. It is not suitable for 
hand feeding. It is suitable for a cam shaft driven by gears. It has a great 
advantage in its uninterrupted view of the plates of the whole mill. 

These forms are modified and combined to a certain extent; for example, (13) 
is a hack knee with a front brace which is shorter than that of the front A. 

F. S. I’hehy’“' condemns framing the ore bin with the stamp frame, as the 
latter is liable to be thrown out of line with the settling of the bin. 

The frames were found in the mills as follows: Mills 55 and 61 use No. 1 

frames. Mills 37 and 87 use No. 3 frames. Mill 76 uses No. 4 frame, except 
that the belt runs horizontally back to the water wheel. Mill 56 ii'^es No. 6 
frame, except that the k'lt is connected direct to water wheel. Mills 58, 59, 

65. 73, 74, 75 u.se No. 6 or No. 7 frames. Mills 57, 61, 62 use No. 7 frames. 

Mill 67 uses No. 8 frame. Mill 83 uses No. 10 frame. Mill 84 uses No. 11 
frame. Mill 68 uses No. 12 frame. Mills 77 and 88 use special forms to suit 
their gear transmission. The former is shown in P’ig. 146. Mill 72 uses a 
back knee frame and in order to have the view in front of the battery as unob¬ 
structed as possible, all troughs, lights, etc., are suspended on iron rods. 

It is more in accordance with the best mechanical engineering practice to 
drive by the under part of the belt where a horizontal bell is used. The usual 
mill practice seems to have ignored this principle (see Mills 57, 58, 59, 61, 63, 65, 
73, 74, 75), while on the other hand. Mills 67 and 83 have conformed to this 
principle by using front knee frame with back cams. 

§ 139. Stamp PhcAKEs of Iron. —These have been made by a number of 
manufacturers m recent years for use in districts where facilities for securing 
timber and having it framed are limited. For example, the Union Iron Works 

* S'nct’ v^r itftifl; the a^ove jr htut been learned that Mill 09 forms another class, having front knee frames 
connected with bin, cams i>f^dnd. 




FIG. 108.—BACK KNEE OR SINGLE POST FIG. 109.—BACK KNEE FRAME WITH A 
FRAME WITH CAMS IN FRONT. BRACE WITH CAMS IN FRONT. 
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made frames of steel ehanocl beams for 100 stamps for the Compania de 
Huauehaca de Bolivia. In this form (see Fig. 110) each post is composed of 

four channel beams on end. blocked 



apart with castings, suitable for hold¬ 
ing: (a) the guides, (h) the cam shaft, 
(c) a llange or foot niion which the 
po.st stands and by which it is bolted 
to the cross sills, and (</) two tie-rods 
connecting its top to the cross sill. 

A siin])le re\erse A frame is made of 
steel in which the cross sills, the braces 
and the posts are compound girders 
with two channel beams each.’” Of 
this several have been sent to Africa. 

Cast iron is especially advocated for 
frames, as it does away with tie-rods 
and braces and makes a compact, handy 
frame which has not the elasticity of 
steel. 


Iron frames are not uncommon in 
Bendigo, Australia.“‘ 



HO. 110.—IliON STAMP H{AME. FIG 111«.—I’LAN OF THE riOMESTAKE MOIiTAl 



FIG. 11 Ic.—SECTION 
ON ER 



FIG. llli.—HALF SECTION OS A HOP 
AND HALF ELEVATION. 
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A fpetional iron and wooden siiinip fraino with built up posts was made in 
England and sent to Durango, ]tle.\ie().>'"‘ The iiosts, the cross sills and tlie 

_!_ I _J_1_f 



FK). 11:1(1. -FliONT \JliW 01' Tlin NOli'nl STM! JlOUT.Mt. 

braces were of ]>iteh puie ’(tanks, ti to 1 iiielies thick. Between tlie planks and 
on the outside, wen' tliin ])lates of niitd steel, ainl the whole was holti'd together. 



FIG. li'ih .—END VIEW OF THE NOUTll ST.VU MOUTAK. 

§ 140. Mortak.s are boxes of cast iron, or of wood and east iron, ir, which 
the operation of stamping takes ]duee. They have the following functions: (1) 














































FXG. 115. —DOUBLE DISCIIAUOE FIG. IKiffi. —PKOSS SEC'"'ION FIG. 1166. —PAST 
MORTAR. .'JF BEOTIONAL MOKT.AU. OF LONGITUDI¬ 


NAL SECTION. 


verized ore or pulp, and often to amalgamate gold. Various designs of mortars 
are shown in Figs. Ilia to 115. 
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§ 140 

Tlie mortar proper is made of cast iron. The best material to withstand the 
continual vibration is a tough, uniformly fme-graiTied, gray iron.'” The bottom 
should be planed to give it a true bearing on tlie tnortar block. 

While mortars are u.sually cast in one piece, sectional mortars (see Figs. llGa 
and 116b) are made for mule back transportation, with no jiart weighing over 
300 pounds. The bottom is of cast iron in sections, tongued, grooved and 
planed. This planing is so true that there is no leak of water or luercnry, and 
no packing is needed.* Tlie sections of the bottom are bolted together with 
end bolts, the sides and ends of the housing arc made of boiler iron and are 
riveted together in position. The joint between the housing and the bottom is 
made by putting in a thin strip of copper, which, after the joint is riveted, is 
caulked to a tight joint.* In some designs all the sections are of cast iron 
flanged, planed and bolted together. 

Mortars of wood and iron (Mill 77) am used in Gilpin I'ounty, Golo., (sec 
Fig. 96). 'I’hey are lighter and clieajicr in tlrst cost than cast-irn;; mortars. 
They have been found suitable for the peculiar iiroblein of that |dace. 

The weight of the mortar slioiild be jiroport lonal to the weiglii of tli(‘ stamp 
to get like conditions of im)iact. Tables 87 and 88 show the ratios advocated by 
authors and also those used by the mills. 


TABLE 87, FROM LOUIS,” GIVING WEIGHTS OF STAMPS AND MOUT.MiS TOOETIlEll 
WITH RATIOS OF ONE TO THE OTHER, PROVED BY EXPERIENCE. 


Wei^'ht of 

Weight of 

Ratio. 

Weight of 

• 

W<“ight. of 


Stamps. 

Mortars. 

Stamps. 

Mortars. 



Pounds. 


Poimtls. 

PouimIh 


950-l.<MI0 

ii.m 

6.T8-tt 89 

550 


.5 f.O 

tXMl 


C.ii2 

5.50 

8,3tkl 

(i It 

m 

5,tMO 

6.94 

5(K) 

8,i.% 

o.a; 

7f>0 

4,480 

5.97 

400 

S,4tPi 

C 10 

TtW 

4.oai 

.5.77 





TABLE 88.—WEIGHTS OF STAMPS AND MORTARS, TOGETHER WITH THE RATIOS OF 
ONE TO THE OTHER, TAKEN FROM THE MILLS. 


Mill. 

Weight, of 
Stamp 

Weight of 
Mortar. 

Ratio. 

Homestake (Hofman*®).. • 

CaledonlafHofman*®). 

Homestake (Rickard*®) — 
FftthvT de Smet i Bowled®).. 
Keystone (Egleston®’). 

Pounds. 

HTiO 

R50 

768 

750 

560 

Pounds. 

5.000 

r>,7(K; 

7,8t)0 

5,000 

r>.4(K> 

5,000 

5.9 

0.7 

N.6 

0 6 

7.0 

9.1 


800 

6,.5tK> 

6.9 


850 

6,000 

6 1 


6.50 

4.000 

6.0 


OfKJ 

6,((00 

5.8 


800 

5,500 

6 9 


800 

4.7.50 

5.7 


980 

5,000 

5 G 





Tables 89 and 90 show the dimensions of mortars in a few mills, together 
with the rate of enishihg. 


* Fraser & Cbalmera* private communication. 
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§ 140 


TABLE 89.— MOUTARS. 


Abbreviations.—LU h.={> oiiu<iH; In.=inches. 


Mill. 

Weight of Mortar. 

Length of Mortar 
Base. Outside. 

Width of Base, 
Outside. 

Length of Mortar, 
Inside, at Bottom 

c8 

r 

O 

F? 

■SjS 
*5 O 

W 

i- 

,2 "2 
rs a. 

<M C 

c*-* 

•£ 6. 

Thickness of Bot¬ 
tom. 

o 

V. a. 

£ & 

Z c 
”0.2 

r 

& 

(b 

o 

A 

Tliickness of Sides 
at Dies. 

Thickness of Sides 
at Top. 


Lhs 

In 

In 

Tn. 

In 

In. 

In 

III 

111 

In 

In. 

Hcmestakc (nofnian^'i, I88'i). 

5,-UK) 

r,|.>4 

271^1 

r>o 

r.JH 

16 

TH 

3 

f) 

34, 

H 

Hotiicslukc (Hl^kul(|4^ IH'.I.'j). 

7, liH) 

fiCrV, 

asv, 













fiOH 

r.Tu 





4ij 


P’allicr lit* Stiicf (//). 

d4.iKi(i 


2% 


j:t ~ 

H 

;{ 



Olilhmn (TIanImiin “"l. 

5,7(HI 


as 

T.iq, 

5IM 

]U 

8 

3 

1- 

a :l'.4 

1 

North Star (Ahiulic 4S) (r). 





•19 

17*, 

6 

8 

5 

,H 


North Star(UH*kard4"i (c).. 


<*(> 


r.a 

f.lH 

17 

(! 

A 

5 

8 

1 

Bohtail (woollen Kid»*s) (liicktird). 

r>,(M)it 




if) 

IS 




If) 




51):^ 








2i,j 


Thaoiix ‘*4. 



2H 


i>4 

ICdii 


3 





4,0(11) 









2ii 













Mill 6I(/.). 

.^.000 

r.7 

27 


r.n 

iou 


23.1 

r* 

2’/Id 

04 


(a> At <*n(ls. ii-eht'H «litiu*nsioiis «‘xclusivt» of ln)iri;;s (o All tluneiusious excliisivi-a liiiiiiR 

1 inch Uiick. itZ) inclmling lining, (c) Total,inches; iron, h inclics (/> Iron, iucIicb; wuimI, 5i>j, lucheb. 


TAIII.E 90.-MORTARS. 

Abhreviutions - In —iin*hc>»; I.bs -poiunl.s. 


Mill. 

rk £"0 SX. 

■- c r £ 
4-’.£ 

b 1/, -,® 

0 2 

4 C t 

Zt 

V 

« 

is il 
o o o 
/".-Un 

HC ^ 

iV cf 5 ‘- 
»J - ? <5 

< 

Ditto, backward. 

a 

0 

a 

K 

4 hi 

4 a 

If 

= a 

|| 

X 

d 

1 

V 

IX 

*0 

*5/ 

4 

X 

4 

.D 

/• 

C 2 

iSi 

X 


Jn 

111 

In 

In 

In 

In 

III 

In 

H«»nies(uki' (Ihtfinini4'>, 1K>9)... 

!Ua 

'<’4 

I'H 

(;»bili)*t» 

2134 


S3.' 

(.Caledonia i Hr»l iimn ■*") . 

If) 

lb) 

. 


10 

17 

r.»h 13 

Faihcr de Siiiot (Bow ir •“'>. 

hljj 

S', 

6tj 

li'jillM , 

17 

ll*i, 10*3 

Oltlliain (Hurdinnn '^'*1. 

'•"i 

IS 

04 

lit.iiMl'v 

21 

‘•>-1 


North Star (AlMulie^S). 

11 

III 



i:{*!d 

21) 

13 

(;ia. 

Noith Slar(Kicknr<|4"). 

mi 

111*3 

•h 


14 

2«>*id 

104 

6 

Bubtad (wooden sides) (UiehatU] 






11 


1-4 

Newton *3'*. 

111 

9 


W.i 

1(1 

IK-tJ 

it 

l(l>- 





iV\ 


31->l 


10 






Hidden Trea.surt‘ (Itickard, 189r.j 

(f/» 

id, 






!!!' 

Mill .'55 . 

Kl^ 

7l(j 







Mill riC(rt) . 

H 


... \.... 




Mill 61 . 

129i 

Ms 

'm 

n-'Ki... 







.. 




7 

Mill 04. 

m 

1)14 


s 

13 ■* 

21 

11 

’I'h 




hi 


a 1 


1 ! 

4 


X 



1 ® 

z 

! ^ 

•2 

u 

u 

'4 

' ‘4 

III 


ill. 

In. 

10 

614 

6 


6*y 

.5 

9 ' 

6*., 

41 ; 


2-U 


12 

i 


1 **!5i 

9 11 


13 15 


3 

I'oia 

2lv.-4 


5-6 

j ^ 

6 7 

i *; 

6 6ly 

! 7S 



(tt) iJoublt* ilischargc t/n Total inside widtli at lev«*l of dis<*liarge is 16 inches (o Total inside ' 
level of discharge i.s .iiches. (d) T<*ial inside w idlh at level of iliscJiarge is 24 inches. 


Tlio mortars, iis will bo socm from I'ablo 90, vary miicli in width and also in 
hoiglit of discdiargo. that is, tlic lioi^flit c»f ilie lowor odg(* of the screen above the 
top of tlie die. These two diinoiisions are most important in considering the 
duties a mortar is to perform. In general, we may say, the lower the discharge, 
the more rapid wdll he the stamjiiiig, (he quicker will the sereens wear out, the 
coarser will the pnlp be, and the poorer will be the battery amalgamation. 
These qualities will all he reversed with high discharge. Again, the narrower 
the mortar, tlie faster will it stamp. Ity eomhining these; two ideas, we; see that 
a narrow, somewhat deep mortar (Fig. 111c), is the best comhinalion to obtain 
rapid stamping, and good battery amalgamation. The space behind or in front 
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§ 

of the shoe must be larger than the maximum size of ore fed, to prevent the 
stamp from becoming wedged against the side. In the case of ores which re- 
(]uire extremely fine pulverization, as for examjile, the Gil]iin (Joiinly ores of 
Colorado, the slow stajiiping, deep, wide mortar (Fig. !)(>) still limLs favor. 

§ 141. Moutau LininciS.— 'I'hesc are replaceable jiarts which save the mortar 
from wearing out. They are generally made of chilled, iron and may he put 
upon one or all of the sides of the mortar. They are particularly advantageous 
in locations nunote from a foundry. If the mill is far from a foundry, there 
should he five lining plates,*" four around the bottom and one in the mouth. 
These will have a total weight of hOO pounds.’* Thu corners should he mitered 
with 45“ angle to hold them in place.’" The life as given by llofnian,*" is one 
year, while Kis.slcr’ gives three to six months for chilled cast iron, 1 inch thick. 
The Australian practice is to use liners in four parts, 1 inch thick."’ 

The practice in the mills is as follows: Jlills 5.'), 5(i, (i'.J, (17, 7(i, 77, 87, 88 
use no liners. Mills .58, TZ, 75 use rejdaccahle linings. 

Mill 57 (see P’igs. and 1135) uses chilled iron lining 1 inch thick. The 
end liners la.st three months and the liaek and I'ronl liners last a year. The hack 
liner weighs 175 pounds, end (iti pounds and front 75 jiounds. The hack liner 
is IJ inches thick where the ore drops on it from the feed chute. Iron costs 
3| cents per pound and sells for 1^ cents. 

^lill 5!) has east-iron replaeeahlc linings 1 inch thick. Thi'y cost 5 cents per 
pound, sell for 1| cents and la.st six months. 

Mill 61 has wooden liners in the backs of four mortars, these being somewhat 
wider than the other four mortars. 

Mill 64 uses front, hack and end liners of cast iron 1 inch thick. A set 
weighs 300 pounds when new, 300 pounds when worn out and lasts 13 months. 
Iron costs 3| cents per pound and sells for 3 cents. 

Mills 65, 73 and 74 formerly had no linings, Imt Loring"" reyiorts that they 
were afterward put in when the thickness of the sides of the mortar had become 
worn down to f inch. In order to do this it was necessary to reset the stamps 
so that they should bo inches apart center to center, or ^ inch apart between 
shoos instead of 10 inches apart center to cmiti'r as formerly. This gained a 
space of inches at each end, into which the end linings were plaeeil and 
served as keys for the front and hack linings. The hack lining was 13 inches 
high and sloped 77J°, the foot being IJ inches from the base of the die, thcrehy 
delivering the ore better upon the die. It w'as made with an iron face and 
wooden hacking in order to save iron. ■ 

Mill 66 has liners J inch thick pn the sides and .5 inch thick on the feed 
hopper. 

Mills 68 and 83 have end linings only, of boiler iron j inch thick and 13 inches 
high. 

Mill 84 has end linings only. They are of steel | inch thick. Each end 
weighs 31 pounds when new, 8 pounds when worn out. Thev cost 5 cents per 
pound. 

The Father dc Sinct mill used liners I inch thick."'’ 

§ 143. The Mouth ok Feed Openings.— At the Ilomestake mill the mouth 
begins 6^ inches below the top of the mortar (Figs. 11 la-111c) and is 34 inches 
long, 4J inches wide, 15 inches deep before entering the mortar. Under the 
feed is a lip IJ inches thick, designed to deliver the ore against the top of the 
shoe. The line of this lip if produced, would project the ore three-quarters of 
the way across the mojtar. This lip is necessary where the mortar is double 
discharge, or where a back amalgamating plate is used. Some authorities think 
it is an advantage on any battery, as it delivers the ore nearer the center of the 
die than the other form. ' 
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§ 143 

The CaledoDia mortar has a mouth 3 inches wide extending the whole length 
of the mortar. The North Star mortar lias a mouth opposite the throe middle 
stamps only. 'J'Jio latter seems to represent the best practiee in this country, 
while Louis recommends that it extend to the middle of the end stamps. 

§143. Moktak Uovjses. — (Sec Figs. 114a and 1146).—Two planks 2 to 3 
inches thick, with half the hole for each stamp cut from each plank, are used 
to cover in the open top of the mortar. Holes are also cut for feeding water. ■ 
The planks rest on a ledge around the inside of the mortar top. 

§114. Sorkun Oi’eninos. —These arc provided in front or both back and 
front of the mortar. The former is called single issue (see Figs, nia-1146) 
and is commonly used where battery amalgamation is practiced. The latter 
(see Fig. 11.6) i.s ealh-d double issue, and is u.sed chiefly for dry crushing or in 
wot crushing where maxiTniim crushing capacity, or minimum sliming of ore is 
the object sought. 'Pile front face of all four sides of this opening are planed 
to give the screen a flat bearing and a light joint. 

The distribiiiion of single and double issue batteries among the mills studied 
is as follows: Mills with single issue are: 55, 57, 58, 5!), GO, (11, (13, (13, (II, (16, 67, 
68, 7(1, 72, 73, 15, 76, 77, 85 and 88. Mills with double issue, but with only the 

front one used are: 71. 11, 83, 83. 
Mills with double issue both used are: 
37, 53, 5(1, 81, 87; the reasons for these 
will be understood by rcfiwring to the 
outlines of the.se mills in Chapter XX. 
Mills 37, 81 and 87 bring the rear dis¬ 
charge through a canal 4 inches in 
diameter east from hack to front in the 
bottom of the mortar, as shown in Fig. 
1‘UNCJJUi) HOLES. iMrM'JiEi) jioLts. ]]r,_ wliilc Mill 5(1 has front and 

rear outside amalgamated plates. At 
Olunes, .Australia, all the mills use double is.sue with no battery amalgamation.*' 
When the rear discharge is not used it is closed by boards which, to prevent wear, 
arc faced with l-liicli iron plate which is blocked forward near the stamps to 
increase ra])idly of stamping. 

§ 145. The SouEris (see Fig. 90) is mounted in a wooden frame and is often 
divided into several panels as in b'ig 113«. Screens are made either of punched 
plate or wire cloth, fl’he holes in plate are cither round or slotted, while those 
in cloth are s<|uare or nearly so.* The elBciency of stamp screens depends upon 
(1) the size of hole, (3) the percentage of opening, that|is, the ratio of open 
space, to the net screen area. 

§ 146. PiiATB ScuEEKK.—The method of punching is not without influence. 
Eound holes used for coarse stamping, namely 0.04 inch (1 nun.) in diameter 
and above, and fr- n.edium stamping, about 0.03 inch (0.75 min.) in diameter, 
are always char punched, likewise slots for similar work (sec Fig. 117); but 
for fine stamping, 0.03 inch (0.5 mm.) in diameter and less, the latter are gen¬ 
erally buhr punched (sec Fig. 118), because a thicker plate can be used. A 
clear punched hole is made by a tool which has a square, sharp edge and which 
cuts out a wad of exactly the size and shape of the hole. The buhr-punched 
hole is made by a thicker tool which makes an indent..tion in the plate when 
lying on a socket in the die, just deep enough to tear the metal a.sunder. 

The smallest practicable clear punched hole would .seem to be about 0.014 
inch (0.35 min.) in width. The limit is governed by the fact that the punching 
tool is more liable to break, thereby increasing the cost of the screen, when it 
is attempted to punch a hole of much less diameter than the thickness of the 



* See Table S256: also Louis**, p. t37, for hole* made purposely oblong in cloth screens. 
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§ nr 


platf. The most extreme ease founci hy the Suthor is in Mill 88, Table 95, 
where (he widlh of tlie slot is 54% of the thiekness. Holes less than 0.014 inch 
wide re(|iiire jdalc so Ihiu (hal it has not snllieient strength. The size of holes 
in Iwhr-piiiielied screens is limited hy the ahilKy U) retfidale the space torn. 

§ 147. AnnuNOKiMUNT ok JIoi.es.— Slots are punched either vertical, diagonal 
or horizontal, and either in line or staggered. When the slots arc' staggered, 
the strains due to punching are distrihiitc'd. For discharging the particles with 

diagonal slots or horizontal slots, stag¬ 
gered, every grain which slides down 
(he screen plate passes o\er the slots; 
with (he vertical shds a limited iiiiin- 
her id' graiius only will he in line with 
the slots. 'Phis apparent advantage of 
(he former two classes of .screen may 
« he iiarlly or wholly neutralized hy the 
wash id' the stamps. 

Iloimd holes are arranged in rows 
making either (Id" or 90" with each 
other (.see Figs. 119 and I'dd). .\s .shown in Tahle i)l (he former gives 1.154 
times as nineh pi'reeidage ol' o|iening as the latter when (he diameters of (he 
holes and the sjiaees helweeii (lieiii are the .same. 'I’ahle 95 at !(d° gives a little 
higher |iereeniage of opening than 'I’ahle 91 at 89", hut this is clone hy having 
narrower spaces hetween (he holes. 



Fiii. 119.—iionns 


\iiii\\(ii:ii IN' 

(Id" uow.s. 



Fdi. l‘4d.—iioi.n 


.VI!H\Mli:i) 
90" nows. 


T.viii.E 91.—snow iMi 'i iiic l•l■:lin•;,^■T,v<ll•:s ok okhn'ino oirrATNEi) witti holes 
i..\n» oi'i' IN 8d“ .\Nd 9d“ nows, with v.viiYiNCi n.vnos ok si'.vce 


TO 1)1 A METER OK HOLE. 


Space hftwt'cn Holes. 

j Percentage of (ijieniiip. 

Ihitio of (50® to 
, 90" Arranjfe* 
uieiil. 

With 90“ Hows . 

Willi DO® Hows 

K«|iinls W ilmnifter... .^ 


40.») 

I.IM 


19. 

t«.G7 

1.151 

Ktiuals twice the tUameterj 

8 73 

10.07 

MM 


Tables 93, 9.'t and 94 give till' proportions used hy different manufaeturiTS in 
making plate screens; Tahle 95 gives details of plate screens from the mills. 

TABLE tl2.—OIVING irARRINCiTON & KINO’s SCREENS WITH ROUND HOLES LAID 
OUT IN EQUILATERAL TRIANGLES (80° ROWS). 



Diameter of 

Hpace between 

Tltickness of 

liatio of Holes 

PerceiitHKH of 

Neetlle. 

Hole 

Holes. 

Plate. 

to Thickness. 

Opening. 


InchcB 

Mm. 

Inches. 

Inches. 


* 

7 

0 (rr) 

0 ()3** 

o.m 

0.01264 

1.98 

16.4 

0 

(1 OliK 

0.711 

0.«:« 

0.01410 

1 97 

20.6 

5 

(1 IW'J 

0.813 

0.027 

0 01594 

2 01 

20.8 

8 

0 013 

1.070 

0.0S9 

0.0190 

2.21 

31.4 


TABLE 93.—OIVING MUNDT’S SCREENS IVITII ROUND HOLES LAID OCT IN SQUARES 


(90° ROWS). 


Trade Number. 

Diameter of 
Hole. 

.Siiace between 
Holes. 

Thickness of 
Plate. 

Hstio of Holes 
to Thickness. 

Percentage of 
Opening. 


InohiiS. 

Mm 

Inches. 

Inches. 


f 

00 

0.080 

i).608 

0.020 

0.0801 

1.00 

19.63 

0 

0.023 

0..584 

0.0187 

0.0201 

1.14 

23.08 

1 

0.027 

0.f)8f) 

0.0280 

0.022.57 

1.20 

22.00 

2 

0.033 

0.8.S8 

0.0826 

0 03196 

1.08 

27.71 

8 

0 0f» 

0.990 

0.0277 

0.0408 

0.07 

28.88 

4 

0.046 

1.140 

0.U217 

0.0408 

1.17 

86.73 
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TABLE 94.— GIVING HAEEINOTON & KING’S SIZES FOE CLEAR PUNCHED SLOTTED 

SCREENS. 


Numbor of 


Spa(5« between 
Holes. 


Inches. Mm. 
0.018 0.457 
0.020 0.508 

0.022 0..55C 

0.025 0.635 i 

0 02H 0.711 : 

0 082 0 813 

0.035 0.880 

0 042 1.070 

0.049 1.230 


Thickness. 

Ratio of Hole 
to Thickness. 

Peroentage of 
Opening. 

Russia Gauge No* 
8 

Inches. 

0.01264 

1.42 

% 

13 0 

9 

0.01419 

1.41 

14.1 

10 

0.01594 

1.88 

15.6 

11 

0.01790 

1.40 

17.8 

12 

0.01000 

1.47 

18.6 

12 

0.01900 

1.68 

15.0 

18 

0.02010 

1.74 

16.9 

14 

0.02195 

1.91 

20.2 

15 

0.02484 

2.01 

23.6 

16 

0.03000 

1.03 

28.0 


TAIIJ.E 93.—DETAILS OF PLATE SCREENS FROM THE MILLS. 
Abbn*viatio!)s.--B. Sl.--=Ruhr slot; B T PIsrBurned tin plate; Dols ..c^dollars; I). SI.s=I>ia(;ona1 slot; In.= 
intdies; N ^Needle; No z^Nundier; ]*l.=riate; H. 00^=Ui>uud boles arranzed in 90^ rows; K. l.=Hu88ia iron; 
SI =Slol. 8q In - Square inches; T. IM.sTin plate; U T PlssUulmrned tin plate. 



(a> Where only one dimensKm of a slot Is eiveii, it is the width that is meant, (hi Two end panels aiv 11^ 
inches; two middle t>anpig are 13 inches, (c) Sometimes as higli os 30 days, (d) Diagonal bnhr slot, (e) About 
inches. (/) Twenty-one elolla. s por doKtm. (o| Tw • end panels are 7 inches; other five are 6 inches. (A) A 
dozen sheets, each 10x14 inches, cost $1.35. (i) When new. (i) When worn out {k) Horizontal staggered 

buhr slot, \4 inch apart horizontally, inch apart vertically (1) 1 hree-eighths of an inch h»ng ond siigiitly helow 
0017 imdi wide when new: 0 ^31x0.38 inch when worn out. (m) Slightly below 4 9j{ wheu new. 7.95t when worn out. 
(n) Slightly below 25 R()UHre iiicIk^. (o) These are screens lu^ in Huntington mills and are put in here for pur* 
poses of eumparison. (p) Vertical staggered buhr slot. (<;) (.Hdham mill, (r) ^'ather de Sinet mill. 

§148. roMPABisoN OP TIoitnd IIoles WITH SLOTTED HOLES.— In Tables 
92, 93, 94 and 95, it seems that for fine stamping the percentage of opening is 
aboiil the same in cither case; for medium stamping the round hole has much 
larger periTuitago of opening; but for coarse stamping, ^hat is, larger than 0.04 
inch (1 mm), it is probable that the slot will be at least as favorable, and may 
be more so than the round hole. Por both shapes the percentage of opening 
decriiascs toward the fine end. For very fine stamping, where buhr slot is used, 
the percentage of o]ioniug is very low.* 

* Mill 86, Table 05, hoz a screen of this class with only 4.^ of opening, while Rickard'*^ says Gilpin County 
mills uso buhr slot with 2 94i. 
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§ 149 

Slots should bo less inclined to blind up than round holes, for in the former 
a particle will usually have but two points of bearing, while in the latter it will 
have three. 

Round holes strain the plate more in the punching than the slotted, owing to 
the method of jmnehing. For this reason it follows that for a given width of 
hole, whih' round holes may have a greater [jereimtage of opening than slotted 
holes when the j)late i.s thin, on the other hand, when the plat<! is thick, slotted 
holes which do not have to increase the spaee.s, will have a much great(W per¬ 
centage of opening than round holes, wliich do rc<|nire an increased si)ace between 
the holes. For e\am])le, to give an e.vtrenie case, Fraser & t'halmers state that 
to punch round holes 0.07878 inch mm.) in No. 1:1 sleel (0.100 inch thick), 
the .spaces between the holes would tuive to be quite large, say 4 inch. 

Slots will pass larger Hat or elongated partieles than round holes, in fact a 
more uneven ))roduet. This may make a slotted screen advantageous when 
stamping graphite, mica, or any laminated mineral. 

§ 140. I’l.AciNO Till; ScuEKN.— All holes, whether clear punched or hnhr 
punched, have more or less of a hnhr. and this hnhr is always plaeed toward the 
stamps to prevent blinding uj) the hole. 'Phis is true because the hole is slightly 
wedge-sha])ed and a ])article which can enter the small end will free itself at the 
large, while the movement in the opposite direction might blind the holes. 

§ 150. Cloth Sciihe.n's.— These are wov(!n of wire. They iire .single crimp 
or double crinq). In double crimp cloth the woof is crimped nearly as much as 
the warp; in single crimp, the woof is nearly straight. Double crimping pre¬ 
vents spreading of the wires. The (doth screens used in the mills visited are 
given in Table 9(i. 'J’hey show that there appears fo be no definite ratio k'tween. 


TABLE 90. —DETAILS OF CLOTH SCUEENS FEOM THE MrLLS. 
Abbreviations.—B W G=BinniD(;hani Wire l)ul8.=<lollarti; In.finches; No =nijtnbor; Sq. In.= 

square mebt's. 


Min 

Mo. 


27 

58 

64 

55 

56 


U 

82 

83 

84 
87 
(c) 


Material of 
Screen. 

Diameter of 

Wire. 


BWG 

22 

20 

Steel. 



22 

(h) 

80 

yrSl 


Brass.] 


20 



26 

29 

30 

82 

i 





Brass. 

.... j 


*■> a 

li 

£3 

P. 


16 

16 

24 
14 

6 

[so] 

25 
80 
30 
16 
30 
35 
40 
Hi 

or 80 
24 


Net Size of 
Hole. 

Number of 

Panels. 

^ oj 

js a 

® m 

•5 

i| 

oC 

00 

Cost of Screen 
per Battery. 

Life of Screen. 

o 

C 0 

H 

Total Area of 
Opening. 

ijH 

Mm. 

0.876 

0.698 

• 2 

In. 

11 

In. 

2A 

TO 8' 

Dels. 

Days. 

1-5 

% 

80.6 

10.4 

Kq. In. 
322.1 








0.0434 

0.068 

0.0218 

or0.02:«i 

1.10 

1.60 

0.,541 

orO.692 


21 

10 

12 

(a) 

24 

50 

20« O' 
9* 28' 

(a) 

3.00 

10 

42 

18-30] 

86.9 
25.4 

40.9 
or 48.0 

887.5 
243.8 
245.4 
or298.4 

2 




o.sic 

8 

3 

1 

3 

3 

3 

1 

12 

13 

14 

m 

49 

14 

15* O' 

4* 40' 
11* 80' 

1.78 

6 

80 

90 

6 

7 

m 

37.1 

187.0 

■ 

1.13 

0.516 

0.422 

0.40C 

60.7 

37.1 

83.6 

41.0 

140.1 

202.6 

1.78 

1.25 

8.00 

M 

16 

60 

4* 46' 

18* 26' 

10* O' 

472.1 




7 




(a) This screen is 52 in«-bes lonfr, tuchiding tbu uprights between the panels, and it costs 15 cents per linear 
foot. (6)0.062 inches. (c> Caledonia mill. 


the diameter of the wire and of the hole for tliis class of screens. The screen 
of Mill 53 is noteworthy^ This mill has double discharge at the level of the 
die and requires heavy wire to stand the wear. The heavy wire halves the per¬ 
centage of opening, but the double discharge restores this, leaving the net gain 
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that the discharge is at th? level of the die with the same amount 
single discharge, hut with a strong screen. 


of opening as 


TABLIi’ !)7. TYLIiR DOUBLE CRIMPED STEEL OR IKON BATTERY CLOTH. 
_AbbreviatloD8.—W & M=Washburn & Moen. 


Meshes pt»r 
Liueur luch. 

Diaineter of 
Wire. 

Diatuoter of 
Wire, 

Diameter of 
Hole. 

Diameter of 
Hole 

Ratio of Wire 
to Hole. 

PercentBKe of 
OLteuinar. 

12 

14 

Hi 

IH 

20 

iw 

20 

20 

8(1 

85 

40 

45 

50 

55 

(K) 

70 

6i) 

W«StM(3augeN(; 

10 

20 

22 

23 

24 

25 

26 

27 

27 

8H 

80 

81 

83 

84 

85 

85 

87 

40 

Inetios. 

o.<m 

0 035 

0.028 

0.025 

0.023 

0.020 

0.018 

0.017 

0.017 

0.016 

0.014 

0.0136 

0 011 

0 010 

0.0005 

0 0005 

0 0085 

0.007 

Inches. 

0.(M23 

0.0864 

0.0845 

0.0806 

0.0270 

0.02.55 

0,0887 

0.0215 

0.0187 

0.0178 

0.0146 

0.0115 

0.0113 

0.0100 

0.0087 

0.0072 

0.0058 

0.0055 

Mm. 

1.07 

0.925 

0 876 

0.777 

0.086 

0.048 

0.602 

0,510 

0.475 

0.430 

0.871 

0.202 

0 284 

0 254 

0.221 

0 183 

0 147 

0.140 

0.909 

0.961 

0.812 

0.818 

0.852 

0.786 

0.700 

0.792 

0.908 

0.023 

0.961 

1.174 

0.980 

1.000 

l.(M5 

1.327 

1.468 

1.273 

1 

i 


TABLE !)S.-TILlOli DOUBLE CRIMPED BRASS BATTERY CLOTH. 

Abbrovutinna.—O E.=OId EnKlisli. 


Meshes i)er 
Linear Inch 

12 

14 

16 

18 

20 

22 

24 

80 

85 

40 

60 

60 

70 

80 

DIumeUir of 
Wire. 

DianiettT of 
Wire. 

Diameter of 
Hole. 

Diameter of 
Hohe 

Ratio of Wire 
to Hole. 

I*erc*entage of 
Opening. 

O.K. UuiiareNo 

19 

20 

21 

22 

23 

24 

25 

27 

29 

30 

32 

3r. 

37 

38 

Inches. 

0.(M0 

0 . 0:15 

0 0315 
O.OUilS 

0.027 

0.025 

0 028 

0.01875 

0.0156 

0.01875 

0.01125 

0.009 

0 .0H66 

0.(KJ576 

Inches. 

0.0133 

0 OHO-I 
0.0810 
0.0261 
0.02:{0 
0.02a5 
0.0187 
0.0146 
0.0131 
0.0118 
! 0.0088 
o.non 
0.0078 
0.0068 

Mm. 

1.10 

0 925 

0.787 

0.6(» 

0.584 

0.621 

0.476 

0.371 

0 . 3 : 1 a 

0.287 

0.224 

0.196 

0.198 

0.173 

0.928 

0.061 

1.016 

M82 

1.174 

1 222 

1.232 

1.286 

1.186 

1.222 

1.286 

1.175 

0.834 

0.832 

27.08 

26.01 

24 60 

21.99 

21.16 

20.24 

20.U8 

19.13 

20.93 

20.24 
' 10.14 

21.12 

29.73 

20.16 


1 iihlcs 97 and 98 give the sizes of steel and brass cloth offered by one of the 
standard makijrs and show tJiat the ratio of tlie thickness of the wire to the 
dianadcr of the hole is less where the steel or iron is used than with brass, and 
consequently the steel or iron screens have a little higher percentage of opening. 

§ 151. Comparison op Cloth .vnd Punched Plate Screens. —The most 
noteworthy point from the mills, as shown in Tables 95 and !)G, is that the wore 
elirth screens have a larger percentage of opening than the plate screens This 
difference is not so marked in the manufacturers’ lists (see Tables 93 93 94 
97 and 98). T],c percentage of opening in fine wire screens is about as’large as 
in coarse, wJiile in fine plate screens it is greatly reduced. In using the former 
one saves percentage of opening and sacrifices strength. In the latter, vice versa’ 

Cloth screens have holes that are approximately square and therefore discharge 
shghdy larger grams than circular holes of the same diameter The plate 
screens avoid the tendency to spread seen in wire cloth. Wire screens owing 
to their larger percentage of ojiening, cause loss sliming of the ore than the 
plate screens, because the particles can earlier leave the battery. Again wire 
rereens are shorter lived and there is therefore less discrepancy between the 
diameters of the holes in the new and the discarded screens and the duId will 
be more uniform than with plate screens. ^ ^ 
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- § 156 

Mill 73 when new, measures 0.018 inch thick with buhr on, 
' After being worn about 14 days it meas¬ 

ures 0 011 inch ami although the holes have not visibly enlarged, tlie screen is 
discarded because it is so thin that it begins to tear. ' This indicates that the 
face.s of the plates wear faster than the sides of the holes. At this mill better 
rpiilts have liwii obtained with burned tin jilate than with round or slotted 
Kiissia iron or with wire cloth and at the same time it is niiich cheaper. 'J’in 
plate (osts a little less than 13 cents per square foot, while llussia iron costs from 
40 to 70 conts jM*r stinnro foot. 

§ 15(i. 'I’lii! Si.oen ok tiik Souhkns varies in the table from vertical to 30° 
from the vertical; 10° is by far the most coniinon. 'I’lie vertical screen has 
hydraulic pres.siire alone acting to di.sclmrge the particles of criislual ore, while 
a slqinng screen adds the fori'c <d' gravity which increases with the slope. A 
moping screen timds to retard the falling grains, thereby hastening di.scharge. 
The greater the shqie, however, the givater will be the 'tendenev to blind tlie 
screen. After a niiinher of tests'^" to obtain the slop.' of greatest elliciency of 
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KlG. 121.— FliO.NT OF MOET.Ml, SHOWING SCUEEN IN I'l.AOH. 

discharge, the screen of the Ntnvtnn mortar (see Figs, Ilia and It 15) was 
made to slope 12° from the v.'rtical. 

S 167, SciiEKN t^HAMKS. —(See Fig, 112c.)—They are made of wood, rarely 
of iron. The wood, from Ij to 2 inches square, is framed and pinned together 
at the corners. They may be shod with iron plate inch thick at the three 
or four p.arts where the keys hear. 'I’he ifranie is often divide.! bv vertical bars 
f to 2| inch.'s thick, into panels which range from 3 to 8 in nnmher (si'c 
Tables !).6 and ltd). Th.'sc' siqip.irt the screen but lessen the area of discharge, 
(see § 191.) 'file jiieces of screen are tacked to the inner side of the screen 
frame so p t.i fill the iiaiiels, or to ext.'nd continuously behind th.‘ uprights, 
and a .strij) of sh.'ct rubber, gunny sack, or blanket, is nailed t.i the screen 
frame in such manner as to make tight j.iints against the jilaned faces of the 
mortar. 

Mill 04 uses a double screen frame (see Fig. 121). The inner or main frame 
A IS keyed tight t.i the mortar, as is usual. The outer frame B carries the 
screen aiid is attached to the main frame by thr.'c ir.ui cleats C bel.iw and two 
wooden wedges D above. The advantage of this lies in the shortimed time of 
changing sert'ens and the greater freedom of discharge. Both frames have to 
be removed at the clean up. 

The frames may he inverted to even the wear on the serern, and if the top 
bar is narrower than the bottom, the additional advantage of adjusting the height 
of discharge will be obtained. 
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§ 158 

In Mill C8 a gradrd set of frames is used in which the bottom bars are 5, 
and IJ inrhes wide n'speetively. 

As seen in h'i;fs. llln-llli, the frame is driven earefnlly down in the two 
end grooves to a h<‘iiring by a mallet and a long, vertical key wedge is driven in 
the groove at each end, forcing the end bars of the frame to a tight bearing 
against the i)laried faces of the mortar, and one or two horizontal keys are driven 
at the bottom against lugs, doing tin; same for the bottom bar. The end wedges 
have large heads for ease of removal. 'I'he boltojn wedges can be driven out 
backward. 

At the llomestake (sec Figs. llla-llJc) and Caledonia mills. Mill (IT and Mill 
IT, a space is lefi alsne the screen frame for the removal of chips, rope, grass, 
etc. This is closed with a board which <M)mes to the frame, or a canvas curtain 
whicb laps inside. At Mill 73 in four batteries a little door is made in the end 
])anel at which the chips collect. In the eight other balteries the chips are 
removed from above the screen, 'rhe.se chips are gathered and burned from 
time to time and tJie gold e.xiraeled from the ashes. 'I'liis furnace is r)X<S feet 
and has cement floor, to inches above which are |daced the grate bars. The 
top of the arch is 3 feet above the grate bars, 'riiere is a charging hu()per at 
the top. with a door, 'i'he ashes ai'c sereeiu'd to remove nails and then ground 
in the elejiii up barrel with |tl pounds of niereiirv for six hours. J5y burning 
all the wood used around the mill tiny save from (> ounces to 3 jiounds of amal¬ 
gam ]ier month. In some mills old .screens are allowed to rust to jiieees under 
the action of the W'eather assisted by salt, and a considerable amount of gold 
is obtained. 

l.'oS. Cv.wvs SiiiKi.i) is suspended in front of the screvn, or a Sl’r,.vsil 
lloAiili of wood (see Fig. 1.37) is used to stop the spatter can.sed by the stainjiing. 
In Mills til, (i2, (13, 71 and 7(i s|)lush boards are used and all except Mill 
(13 have amalgamated copper plates upon them. In klills .')(>. (>1, (13 and 7G the 
boards are II, 7, 13 and 8 inche.s wide respectively. They are all inclined 
upward and outward so tlial the attendant can view the screen. At the South 
Climes United mill, however, it is inelined downward and outward. Canvas 
shields arc u.sed in Ivlills 55, 57 and C7. Mills (15, 73 and 74 have a combina¬ 
tion wooden splash hoard and canvas sbiidd. A board ^ inch thick, 13 inches 
wide and (‘.xtending the length of the mortar, is suspended vertically from the 
screen frame by two hooka and ev'c-bolts so as to swing freely. To the lowai-r 
edgi' of the board i,-, tacked a strip of canvas G inches wide, which confines the 
splasli to the apron. 


TAIiU! 102.— CIltJOK BLOCKS. 


Mill Ne. 

NuiiibtT lined. 

Heijrht of Clnick UlockH. 

ny 



61 

1, ill sectioDH... 

]*iiich sectious. 

6:2 

2. 

K an<! 6 inelies. 


1. in Ht'CtiouK. 

^•iii(‘h dilTerence. 

66 

3. 

7 and 5 inches. 

67 


10. K and 6 inches. 

71 

1, in 5 »ection8. 

4 of inches, 1 of 2 inches. 

HI 


3, 2 and 1 inch. 


S<*vernl. 

14 mebes, downward. 


§ 159. CtttiCK Block. —Tin's is a block commonly made of two pieces of 
plank of the forms shown in Fig.s. 111a-114&. MHieu used it is put under the 
screen frame and serves to raise or lower the height of discharge, also to serve 
as a support for the front inside amalgamated plate. It is generally made in 
either two or three heights, interchangeable. None are used in Mills 27, 65, 
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§ 160 


66 , 68 and 83. They are used in Mills 59, 62, 63, 64, 65, 67, 71, 73, 73, 74, 75 
and S3. 

The different heights are shown in Table 103. 'I’he high wooden ehnck block 
of Mill 67 and the Oldham mill (see Figs. 1136 and ]13e) gives a spring which, 
though slight, si'ttlos the amalgam layer in the sand to 3 inches below the sur¬ 
face of the sand, while an iron chuck block s(4tles it to only 1 ineli below the 
.surface. This mortar has a sill only 3 iiudies above the bottom of the mortar. 
The same thing would be true in comparing this wooden chuck block with a 
solid iron front. 

The Oldham chuck block is made of wood faced wilh thin steel ]ilale, and a 
tight Joint between it and the mortar is made with sheet rubber packing. The 
chuck block of Mill 63 is faced with an iron plate. 

At the (lover mill, Amador County. Cal., a curved chuck block («■(' Fig. 133), 
gave more raj)id <liscliarge of the pulp than a straight chuck block (see b’ig. 133). 

, § 160. Lie AeiioN.—This 

is a cast-iron e.vtension of 
the lip which may be 
flanged, faced and bolted to 
the mortar, ns in Fig. 1136, 
or may be east directly on 
tbe mortar. It conveys the 
pulp from the screcTi to the 
amalgamated plates below. 
The ordinary liji is about 6 

223 _inches wide (see Fig. 11 It) 

while the lip ajiron may ex¬ 
tend it to a total of 30 


COPPER PLATE 


CHUCK BLOCK 


UP OP MORTAR 


Fia. 



80REEN 


COPPER PLATE 


CHUCK BLOOK 


LIP OF MORTAfl 


133. FlO. 133. 

—-CUltVEI) CHUCK BLOCK. FIC. 
STUAIGIIT CHUCK BLOCK. 



inches and at the outer end it may be supplied with a distributing bo.\ tbe full 
width of tbe mortar, with holes evenly lined and .spaced. It serves for dis¬ 
tributing pulp evenly to the plates that are to follow, and also for a holder for 
the battery cleanings at the clean up. The usual practice iji thi.s country is to 
dispense with the wide lip ajiron and di.stributor. 

U 161. Inkidk Am.algamated 1’lates. —These are gmierally of soft annealed 
copper plate J inch thick, simply coated with quicksilver, sometimes also silver 
plated. Amalgam accumulates so rapidly on them, however, that silver plating 
is not really necessary. They are used to catch gold in the battery, utilizing 
the impact of the gold particles derived from the swash of the stamp, as a means 
of obtaining contact of the gold with the plate. If placed too near the stamp, 
the amalgam is scoured off. Custom favors a single plate in the front of the 
mortar between A and B, Fig. 1136. A few mills use front and back plates, 
as in Fig. 1146. One mill, Phnenix, Arizona, uses back plate only.” 

The objections to the use of back plates are: (1) 'They widen the mortar, 
and dimiiiish thereby the speed of stamping; (3) they cannot be adjusted easily 
to suit the height of the die, and (3) they are ordinarily out of -sight in the dark, 
and difficult to care for properly. The FI. P. Allis Co. partially overcame these 
objections by making a mortar with an opening in the n-cess, for removing the 
back plate as in Fig. 1146. 

In the mills visited by the author no inside plates are used in Mills 27, 56, 
56, 58, 68, 82, 83, 84 and 87. They were formerly used in Mills 68, 83 and 83, 
but were condemned, as they gave extra work of cleaning up with no extra catch 
of gold to compensate; iq. fact Mills 68 and 88 report a greater extraction when 
outside plates only are used. Both front and back plates are used in Milts 70, 
77 , 85 and 88. In Mill 77 they are of plain copper inch thick; the front is 
6X54 mehes and is vertical; the rear is 13X54 inches and slopes 40”. In Mills 
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70 and 86 they slope 50° (see Fig. 1146) which slope was the result of experi¬ 
ment. In lh(! remainder of the stamp mills, front plates only are used on tne 
chuck block. The details of some of these are given in Table 103, 


TABLE 103.—INSIDE PLATES. 


MUlNo. 

Length of 
Plate. 

Width of 
Plate. 

Thickness 
of Plate. 

Plain Copper or 
Silver Pmted. 

(•)57 

59 

61 

aa 

04 

(1)0^ 

n 

7f{ 

74 

70 

Inches. 

59 

48 

50 

46 

48 

48 

48 

48 

48 

48 

Inches. 

6 

2 

6 

8 

8 

6 H 

Inches. 

Silver plated. 




% 

Plain copper. 

Plain copper. 

Plain copper. 

% 


Plain cupper 

Plain copi>er. 




The plates a'-e eiirvcd to suit the chuck block in Mills Gl, G2, 6-1, 72 and 76. 
They are i)lanc surfaces in Mill 59, to avoid scouring. They slope 45° in Mill 
57.* In Mill 67t the upjier IJ inches of the width is on the chuck block, and 
alo])i‘s 45“ upward and outward. The lower ^ inch is bent at right angles to 
form a 90" gutter tthieli makes an ellicient catcher of amalgam. Mills 73 and 74 
have the up))er half of the i>lalo sloping 45°, while the lower half is vertical. 
Below the lower edge of the plate and lapping over i inch on the jdatc is a JX2- 
ineh hui'izontal iron strip bolted to the chuck block. At the bend in the copper, 
or ahold 2 inches above the bottom iron, is bolted a second strip JXJ inch. 
l'hos(> stri'is protect the plate from scouring and increase the catch of amalgam. 
It is natural that the currents should more perfectly follow a curved surface 
thkn a .diarplv bent angle, such as is needed with a flat plate. The back plates 
arc geuerallv flat and are placed in a sja-cial recess under the feed chute, and 
are held in jdace by bolts or wedge.s (see Fig. 1146). 

For further details on amalgamation and the care of 
.plates, the reader is referred to Chapter XVII. on 
amalgamation. 

g 162. Dies.— These are the wearing parts upon 
which the rock is crushed by the falling stamp. They 
lie in the bottom of the mortar and relieve it from the 
wear duo to crushing. 

Dies are made cylindrical with axes vertical. They 
are held in place either by a cylindrical socket in the 
bottom of the mortar, by lugs cast upon the dies (see 
Fig. 124), which, when turned 90° under flanges on 
the sides of the mortar, lock the dies in place (used 
more particularly in dry crushing), or most commonly of 
all, by having square flanges or foot plates as in Fig. 126, 
cast upon the bottom of cylinders which are large 
enough to practically fill the whole space of the bottom of the mortar, and, 
tlierefore, line u)) the dies. Hexagonal dies with sand ricked around them, are 
used at South Clunes.®* Dimensions of various dies are given in Tables 104 
and 107. 

Mill 77 uses cylindrical dies sitting in circular sockets with tailings packed 
around them. All the other mills visited use the square base with corners left 
off for ease of removing the dies with a bar. New dies are 3 to 7J inches high 

• Fig. 1126. t Fig. line. 



FIG. 121. FIG. 125- 

FIG. 124. —DIE WITH 
LUGS. PIG. 125.— 
DIE WITH FOOT 
PLATE. 
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§ 163 

and when worn are J to 4 inches high. The dies arc 8 to inches in diameter. 
In New Zealand, one mill is given at 10 inches, in Australia, one at 10^ inches. 
They range from 47 to 160 pounds weight when new, and from 17 to r)0 pounds 
weight when worn out. The materials cost from to 11 cents per pound, and 
are of gray to mottled iron chilled, of white iron chilled, iinehilled cast 
iron, wrought iron, high manganese east iron, cast steel, forged .steel, chrome 
steel and manganese steel. Cast iron is chilled only above the foot plate. 

Further details will bo given in § 165, where shoes and dies are discussed 
together. 


TABLE 104.— DETAILS OP DIES. 


MiU No. 

Space between 
Dies. 

Space between 
Dies and End 
of Mortar. 

Fool l’l{ile.«?. 



LeoKtli. 

Widlh. 

'DiicktieKH 

Fool Pluli's 

of Die. 

27.. 

Indies. 

Indies. 

2 

Inches. 

Indies. 

Indies. 

lncln*>>. 

0 

lu(:li(‘H. 

m 

8 

56. 

1 




56. 


2 





67. 

lU 

10 



01. 

ny 


y 

62. 

54 0)114 


1014 

m 

y4 

64. 


78. 

g 




77.. 

1 







H8,. 

1 





S14 

84. 


m 

10 

IH 

•M 

87. 

2 

0 

1*^ 

% 


IIompftrAke... 

2,V 

¥4. 


10 

1014 

m 



IW 

% 


10^ 

10 

m 

m 

8 

Kv<; 




Lincoln. 



#54 

1154 




ITO. 136. 

SHOE. 


§ 163. Fal.se B 0 TTOM.S may bo used to raise the dies when tin' latter are partly 
worn to compensate for the wear and to lengthen the life of the die, ami also to 
protect the mortar. The practice of the mills is as follows: None are used in 
Mills 37, 5 . 5 , 56', .58, .5!), 60, (il, 63, 67, 68. 76, 77, 83. 87 and 88. 
Mills 65, 73 and 74 use them simply to protis-t the inorlar and keep 
them in all the time. At Mill 71 a false bottom consists of ti\e east- 
iron bloek.s. Mill 5!) formerly u.sed ohl dies to block up half worn 
dies. Mill 57 has false bottoms of east iron 3 inches thick in Iwo 
pieces in each mortar. They are put in when the die has worn 3 
inches and add 10 days to the life of the dies. They break oflener 
than individual blocks. Mill 64 u.ses false bottoms made up of three 
’pieces, eaeh Ki inches long, 13 inches wide and 3 inches thick. They 
are still good after six yiairs. Mill 66 uses false bottoms of cast steel 
3J inches thick. Mill 84 uses false bottoms consisting of one piece for a mortar.. 
It is 51 inches long, 104 inches wide and 3| inches thick. It lasts 13 months. 

At South Spring Hill mine, Amador (tounty, ttah, a 3-inch steel false bottom 
is used all in one piece.** At the Phoenix mill, bars 3 inches sipiare are used 
with sand packed around them.** At South Climes, Victoria, sand is used until 
the layer is 8 inches thick. Then a false bottom is put in which consists of 
three castings, two end ones for two dies eaeh, and a middle one for the middle 
die.** This use of sand is common in Australia. Hardman points out that it 
is unusual to bed dies upon tailings in America, since, in that case, the dies 
being not on a solid foundation, do not receive a solid blow, cannot be depended 
upon to remain at uniform height, and their bottoms wear fast and eventually 
beeome rounded. , , 

The 'Father de Smet mill condemned false bottoms, because they cut down 
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§ 164 

the capacity of the mill.’® Since the effect of the blow of a stamp is largely 
dependent upon the solidity of the die, the false hotioms probably diminish the 
capacity of the stamps, and it is questionable whetlicr this loss is not greater 
than the gain by using them. 

This St.\m e.s.—(See Kig. 90.)—Each consists of a stamp stem or rod, a 
tappet by which it is lifted, a shoe to strike the blow, and a boss or stamp head 
to connect tli(' shoe to the .stem and to give added weight. 

§ KM. Tlin Shoe (see Fig. tSJC), a.s now univer.sally adopted, consi.sts of a 
cylinder or liutt, surmounted by a truncated cone or .shank, ^'h(‘ diameter of 
the butt is generally the same as that of the di(‘, and ranges from .S to inches. 
In Australia they reach 9'| inches. The author not(“s exceptions to the above 
statement, given in 'I’able 10.5. Loring®" reports that at Mills 05, 7.3 and 74, 


TAIil.B 105. -DTAMETEim OF .SHOES AND DIES. 


Mill No. 

lliainetor 
of Slioe 

of 

Authority. 


lliehes. 

m 

B 

Inchi'S. 

y 


77 . 

Sliglitlr larger. 

.Author. 

W . 

(1 


Author. 

Nowton . 

m 

2 

I<\ T. Snvilor**®. 

Weriftvorlii (lold FieldHCo. 



K. W. Drukeiaw. 

8axon Mill, Thmiies liistnet, N. Z 


10 

T. A JhcKurdai. 


he has obtained better results with an 8|-ineh shoe and an .‘<y'-ineh die th.in 
with shoe and die both 8J inches. I'he reason is that there is always more or 
le.ss play in the stanqi stem guides and, eon.seipiently, where the slioe and die 
are of the same diameter, the slioe may overhang the die and the whole cru.shing 
surface is not utilized. A greater difference in diameter, however, than J inch 
will ean.se “ei,p)iing ' and eon.se(|uent loss of ellicieney. 

The butt of the shoe ranges from 51 to 10 inches high when new and from J 
to 2 inches high xvlien worn out. The weights range from ,S5 to 19.S pounds 
new, and from 20 to 50 pounds when worn out. Tlie details of the shanks of 
various shoes are given in Table 100. 


TAUl.E 100. —.SHOE SHANKS AND TIUTTS. 









Katio of 





Diameter 

Diameter 

Tai«*r of 
Slinnkper 
Fool, 

Diameter 

Mill or Manufttotiirer. 

niainrter 
of Hu((. 

Height, of 

ireiglit of 
Shank 

of Lower 
Uase 4jf 

of Tapper 

Ttase of 

of Itutt to 
Diameter 





Shank. 

Shank. 

of Lower 








Bastt. 


Jneht'S 

Iiiehes. 

Ineht'S 

Tiiehes 

Inches 

Inelies 


Oldham Mill. 

HU, 

8 


i'A 

W 

■IJ4 

m 

2 4 

1.88 


81^ 

10 

f)Vii 


2 

i.:o 

Father <le SniPt Mill.. .. 

G 

m 

2 57 

1.88 










0 

G 

c 

4M 

S« 

.•!W 

8.5 

1.50 

Mill 112. 



5 


1.65 

1.88 

Mill r.7. 

m 

8 

5 

4^ 

2.4 

1.88 

Mill 73 lu). 

K 

9 

5 

4>| 


2.4 

1.78 

Mill 84. 


6 

r> 



1.2 

1.82 






2.4 



. 

JMDill 

r,H 



1.71 

2.00 


(a) LorltiK reports that manganese stee' shoes ui this mill were cast with a SU-inoh hole 3J4 inches deep In 

the sitauk, which made a saving of about 3 pounds of metal or 25 cents plus the freight. 


The rounding of the Junction between the shank and the butt is to prevent 

fracture at that point and also to prevent contact between the butt and the 

boss. Some manufacturers consider the rounding unnecessary and omit it 
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In regard to the taper or the angle of the shank, the more acnte this angle 
the stronger will be the joint between the boss and the shoe, but the g”catcr is 
the tcndeiiey to s])lit the boss and bottom the bole, and if it bottoms, it fails to 
get the full benefit of the wooden wedges. 

Shoes are made of chilled cast iron, unchilled cast iron, high manganese cast 
iron, chrome steel, east st(«l, Wilson's pressed steel, fagot iron, mangaiu^se steel. 
For cast steel, that with 0..5% carbon is best.'" If of chilled cast iron, the butt 
should be cast in heavy chills, the shank cast in sand. This gives hardness to 
the butt and toughness to the shanks.'* 

The shoe should not bo allowed to wear so thin as to permit undue wear on 
the boss. The practice is shown, in Table 107. 


TABLE 107.— STAMP SHOES AND DIES. 

AbbreTiations.—B. Chr. S :=HeBst*mt'r chrome steel; Cts.=cHnf8; Q. M. Ch T. =Oray to mottled chilled 
Iron; II. M. C. 1 —Hitjh inanKuiu*s<i cast iron; ln. = mchos; iwumls; M. 0 1. S rsMivml cast iron and 

steel; M. F. S.=:Midval« forf?e steel; U. H. C. I.=;Uiichillcd hard cost iron; Wh. Ch. I.-Wliite chilled iron; 
Wh. C I.=White c isi iron; Wil. P, S. = Wilson pressed steel. 


d 

i 

Shoe or Die. 

Material. 

New. 

Worn Out. 

Life. 

Net Cost 
per Ton 
Crushed 

Net Wear 
of Iron 
per Ton 
Crushed. 

.SP 

Height, (a) 

P 

Cost per 
Pound. 

Weight. 

Height ( 0 ) 

Sell per 
Pound. 




Lhs. 

In 

In. 

Ots. 

Lbs. 

Inches. 

Cta. 

Tons. 

Days. 

Cents. 

rounds. 

37 

Shoe.. 

Chrome steel 

m 

6^ 

OH 

6 

2(1 

H 

0 

864 


2.06 

0.2S8 





7U 

6U 


40 


0 

112 

56 



65 

Shoe.. 

Chrome steel 

130 

6’* 

«H 

6 

2.-) 

0 

480 


1.62 

0.219 


Die... 

Cast iron. 

90 

OH 

m 

3 

45 

8 

0 

240 


1.12 

0.1H7 

M 

Shoe.. 

Wil P. S .... 

185 

ft 

8 

6 

20 

H-H 

2 

000 

150 


(1.127 


Die... 

Chilled iron.. 

100 

7 

8 

4 

20 

1^-2 


600 

100 


0.i:i3 

67 


Cast steel.... 

155 

9 

9 

6 

38 

H-H 

Kr 

288 


8.03 

0.406 


Die... 

Cast iron. 

100 

6K* 

9 

OH 

40 

2 

IH 

128 

HO 

2.46 

0.460 

58 



176 


OH 

8)1 



1 

800 











1 

800 




69 





9 

3* 



IH 

225 


4.5 

0 6 






3M 



IH 

90 


S.9IG 

0.777 

60 



156 


OH 
















61 

Shoe.. 

Chrome steel 


7H 

9 

OH 

40 

H 

IH 

814 



0..939 


Die... 

U. H. C. I.... 

• 111 

5 

9 

■fS 

85 

IH 

IH 

221.6 

60-97 








OH 

8H 


60 


0 

180-200 

90-150 

'i . 17.5 7.1 

rnr?ismf?n 


Die... 

Forged steel. 

120 

r* 

OH 

80 


0 

180-200 


BlRSglBSl 

0.45(M).BO0 

63 





8t4 


50 



120 

60 










80 



120 




64 

Shoe.. 

Chilled iron.. 

170 

OH 

9 

OH 

60 

1 

2 

282.5 

75 

2.13 



Die... 

Chilled iron.. 

135 


9 

m 

80 

1 

2 



1.46 

0.376 

06 





8 

(5)6 













4% 








66 



140 

8 

8^ 

40 

2 


270 

00 


■■nr^VI 


M flh T .. 

121 


9 


SO 

2^-2^ 


189 

42 


6.4^ 

67 

Shoe.. 

H. M. C. I.... 

128 

8 


e2.85 

35 

’ M 


126 

51 

2.87 

0.738 


Die... 

H. 

no 

OH 


c2.S5 

40 

IH 


12.5-162.5 

60 

1..54-2.00 


68 

Shoe.. 

B. Chr. S. 

i?() 

7 

8^4 


85 



157 

90 

6.10 

0.606 


Die... 

B. Chr. 8. 

120 

7 


7H 

80-40 

%4 


245 

140 

3.69-3.6! 


70 














Die ... 













71 



ISO 


8H 


50 


2 

146.4 


2.90 

0.6^ 


Die... 

Chilled Iron.. 

90 

4 

8H 

90 

IH 

2 



1.74 

0.409 

72 

Sboe-j 

Chilled Iron.. 

L... 




L... 



■fn 





Chrome steel 

f .... 


6 

1 







Die... 

Chilled iron.. 

Irreg 

ular 

wear. 









73 



160 


8 

(5)6 











100 


494 




210 

60 



74 




OH 

(b)6 







Die.. 




4H 







* 

76 

Shoe.. 

Wh. C. I. 

162 

9^ 

AU 

OH 

50 


2 

852.5 

94 

1.82 

o.sis ’ 


Die (e) 

Wh. C. I. 

112 

6 

fdS 

m 

Bf 

)H 

8 

852.5 

94 

0.828 


70 

Shoe.. 

Chilled iron.. 

16(1 

10 

81l2 

7 

8(MC 

fi-\ 

1 

400 


2.70-2.72 



Die... 

M. C. I. &8.. 

100 

7^ 

td2 

314 

8C 

H-« 

1 

22.5 

90 

1.42 

0.811 

77 

Shoe.. 

Chilled Iron.. 

H5 


8 

314 

»! 

I -IH 

14 

84 

75 

8.89 

0.703 


Die... 

dulled iron.. 

47 



8u 

17] 

iH-a 


105 

91 

1.48 

0.286 

83 

Shoe.. 

dfrome steel. 

120 

r 

Ih 


85 

1 

s 

171 

96 

6.16 

0.498 


Die... 

Ohromeste^. 

120 

7 



40 

4 

H 

252 

140 

8.49 

0,817- 
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TABLE 107.— Continued. 



(a)heicrbt of A Khoo doos not includo the shank; that of a die includes the foot plate. (6) Plus two 
cente fnMKht. -.c) Plus 0 16 cent freight, (d) ^slivered, (c) Steel wears 2^ to 3 times aa long as iron. (/I 
Slightly over 8 inches. Uj) A larire part of the castings now used are furnished by the Brooklyn Clirome Steel 
Works. (A) OMham. «) North Star lAbadlo). (J) North Star (Rickard). (Ic) Providence. (/) Caledonia, (ml 
Father dcHmet. (i) Ti)atQe.s (Now Zealand), (o) Fortuna (Australia), (p) Catherine (Australia), (g) Pearl 
(Australia; 


Table 108, taken from Rickard,*' shows the wear of shoes and dies in differ¬ 
ent districts, as affected by different conditions. 


TAJll.E 108. —STAMP SHOES AND DIES. (From Eickard.) 



New. 

Worn Out. 

Weight 

Cost 

per 

Pound. 

Weight 

Sells 
for per 
Pound. 


Cost per Wear of 
Life. Ton Iron per 
Crushed. Ton 

Crushed. 


Pounds Cents. Tons. Cents, j Pounds. 


275 

0 190 



(a) No breaker, no feeder. Ore moderately soft Long drop. Variable wear, (b) Rock breaker and feeder 
used. Ore very hard, (c) Rock breaker and feeder used. Ore soft Short drop, (d) Rock breaker and fe^er 
us^. Ore mMium bard, (e) No breaker or feeder. Ore medium hard. (/) Feeder used, no breaker. Ora 
Is quarts ore. (p) Feeder used, no breaker. Irregular wear. (A) No breaker or feeder. Ore Is variable. 
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§ 165 

§ 165. Life of Shoes ano Dies.—T hese parts diminish by the cutting action 
of hard rock and iiy Oie i)rcnking oil of their edges. The hardness of the metal 
resists the lirst, toughness resists tlie second. Dniformily of slriielnre is desir¬ 
able for n'sislance to either loss. It follows lliat tlie metal must he hard, tough 
and of tinifonn slniclure. 

The shoes wear faster than the dies; with Chilifornia short drop 1.3 to 1.8 
times as fast, using the same material for both; rvilh (lolorado high drop 3.5 
times as fast. The reason of this jirohalily is that in transmitting the force of 
the blow from the shoe to the die through the rock, energy is ahsorhed in frae- 
turing the rock, whicli is shattered before it can transmit the force, and to a 
certain (‘.\tent it cushions the blow. This action is ein])hasized by the fact that 
the die is usually ])roteelrd with a layer of rock slightly Ihieker than that for 
maximum ea|iaeily, in order to ])revenl the dies from breaking. 'J'he life of 
shoes and dies is increased by meelianieal feeders and by ])reliminary reduction 
with rock breaki'rs, as is shown in Table 108. 

The shoes and dies wear to uneven surfaces, but, owing to tlie revolution of 
the stamp, the unevenness geneially lias a certain n'gularily around the circle 
as if the two surfaces were luriied in a lathe. Someliines the shoe wears convex 
hcniis]iherieal and Ihe die eoneave to tit il, but jierhaps the most common wear 
is for the shoe to be eoneave in the center and convex annular around the edges, 
wliile Ihe die is the reverse (see Fig. 137). At the lloinestake mill, shoes wear 
more evenly than dies.'*" 

Tables 107 and 108 show the results obtained in different mills 
on various malerials for shoes and dies, together with the coni- 
puled net cost and net wear of iron per ton (rushed, which 
form the [irojier basis of comjiarison. They show that chilled 
iron has the advantage of cheapness of first cost, and if a foundry 

__ is near by, the turlher advantage (d' low freight charges and a 

FKi. 137.— market for worn-out parts. It has shorter life than the steels. 
■WOUN siioij The various steels, of whidi forged steel is perhaps the best, add 

AND DIE, toughness lo hardness and last two to three times as long as chilled 
iron, and therefore, reipiire less frei|uenl adjustment of drop. In 
place's remoie from a foundry where chilled iron vvoulj have to pay freight, stv'el 
has a great advamage. Steel is said to wear to less even surfaee.s than chilled 
iron. Thus Mill (il) reports that sleet dies eiifi badly 

In addition to Ihe data given in the tables, Mil! 71! reports that for slux's 
weighing Kid pounds white iron lasts -45 days, while elirome steel lasts 301) days. 
For dies weighing iOO pounds, white iron lasts 60 days while chrome steel lasts 
1)0 days. White iron costs -1:1 cents per pound and chrome steel costa 8 centa 
per pound. 'I’lie white iron shoes not only cost more per ton, hut they neces¬ 
sitated a much more freipient setting of the lappets. Ferroaliirninum shoes 
were tried and found to crack. According to Loring'’" manganese, steel shoes,, 
which ,irc now us('d in Mill 73, la.st 306 davs. They are 10 inches high, 
inches in diameter and weigh 177 pounds each when new and 28 pounds when 
W'orri out. 'Fhev co.st about 8 cents p. r jiound jilus the freight, lie also reports 
th(‘ life of hard iron dies as 130 days. They ’..'cigh 84 jiounds ('ach when new 
and 41 pounds when worn out. 'I'hey cost 4| cents fxir pound delivered and the 
old dies sell for i | cent; per pound. These figures given by Loring arc with 
stanifis 0 | inchi s apart center to center, with dies ^ inch larger than the shoes 
and with linings in the, mortar, while those obtained by tlu' author are with 
stamps 10 inch(;.s apart center to center, with dies of the same diameter as the 
shoi's and with no linings. 

Mill 67 reports that stocl shoes cost 6 cents per pound and last twice as long 
as chilled iron. Manganese steel was tried for dies and found to splinter. Pitts- ’ 
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burg cast steel lasts longer than chrome steel or high manganese iron, but it 
costs 10 cents per pound, while the iron costs 2 ^ cents per pound. The high 
manganese iron is made from a mixture of special manganese iron and foundry 
pig, and is very tough and durable. 

Mill 77 reports that chilled cast iron has always proved itself most economical 
for shoes, di(!s and heads for the slow drop stamps, but on quick drop stamps 
which have been recently added, manganese, chrome, and the Midvale Co.’s pro¬ 
jectile steel have all proved better than chilled cast iron. 

Mills (i8 and 82 use besides ehronie steel, various makes of forged steel, such 
as Bessemer, English, Wilson, etc. Iron dies are preferred in connection with 
st(!el shoes. 

For ease of managing and rapidity of crushing, it is well to have shoes and 
dies wear out logether, because the surfaces are then always mated. The more 
rapid wear of 11 k' shoe may be counteracted by the use of long life, hard steel 
sho(^s, mated with the t hi lied iron di<‘s, or chilled iron shoes mated with cast- 
iron dies, etc. An a]>])ro\imate balancing of the lives of the two may thus be 
made. In addilion, this combination of hard shoes and tough dies, is said to 
give Hatter snifaces and, therefore, higher ca[)acity of the stamp. The lives 
may also he balanced by vai’ying their vertical dimensions. 

It is important that not only shoidd the shoe and die wear out together as a 
pair, hut also that all the dies should be nearly if not quite, the same height in 
the same hatierv, to maintain the same depth of rock on their surfaces and the 
sanu! height of di.scharge. For this reason, in case a die breaks between clean 
ups a jiartly worn die of the same height as the others should be put in to 
take its j)laee. A stock of jmrtly worn dies may be kept on hand for this pur¬ 
pose. in case there are no old ones on hand, a complete set of new dies should 
be put in. 'J’he samo procedure is to he recommended for shoes, although it 
is not so important as with dies. 'I’he practice of a few mills is as follows: 

Mills (il, (i2, (14, ()7, ()8, 82, 84 and 87 replace a broken, half-worn 
slioe or die by another of the same size from the stock of partly worn 
shoes and dies. Mills 27, (i.'j, 73 and 74 k( ep their dies even by the 
ahovi’ nK'thod, hut are not so particular about their shoes. Mill 77 
[nils in a new shoe or die. it may he further remarked in regard 
to Mill (i7 that shoes never broke until they were worn down to 2 
inches high and the dies never broke at all. In Mills 61 and 67 
one battery is kept at work wearing out old shoes and dies. 

Where mortars are cleaned out once a fortnight the shoes and dies 
Fin 138. ’M’t to he changed between clean ups, unless there is a break. 

At the chan up, if a set of shoes and dies arc so worn that they will 
BEOTION jiof j,ist till the next clean up, they arc replaced by a set of new shoes 
OP Ttoss. and dies. In some mills, fc ■ example, 68, 77, 88 and 83, the mortars 
are only ch'aned up when the shoes and (lies are worn out. 

§ 166. The Bobs on Stamp Head (sec Fig. 138) is cylindrical of the diame¬ 
ter of the shoe and of varying lengths (18 inches is common). It serves to 
connect the stem or stamp rod with the shoes and also to bring up the weight 
to the total called for. It has a socket below to suit the shank of the shoe, and 
above, for the taper of the stem. These sockets are sometimes connected by a 
snifill hole through the center of the boss. There arc two horizontal keyways, 
generally at right angles, into which wedges may be driven for removing the 
shoe and the stem. 

The boss is made of a tough cast iron, or less frequently of steel. Sometimes 
a wrought iron ring is shrunk on the top or bottom, or both, to prevent splitting, 
the boss being cut away to receive them (see Fig. 129). If the rings are too 
thick, they are a source of weakness rather than strength. When bottom rings are 
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used, they should be set i to J inch up from the bottom of the boss, to guard 
them in case a shoe comes off, and prevent them from being loosened by the bat¬ 
tering which follows. A loosened hoop is worse than none at all. The use of 
rings is now going out of practice except for dry crushing. From Table 109 
we sec 10 mills out of 13 use no rings, two mills have rings on top only and one 
mill has rings on the bottom only. 

The upper socket is bored, the lower is left rough. The joint between the 
boss and the shoe is made by tying on a set of staves around the shank of the 
shoe (see Fig. 130). Thciic arc § to J inch thick, and arc shaped to cover the 



no. 139.—SECTION OF noss with rings, fig. 130.— staves on shoe shank. 

slope surface of the shank. They arc made of sawed, dry ]iine, which swells 
much with water. A plan for saving time at the clean up, is to wrap a strij) of 
canvas around a shoe shank and tack (he; staves to this. 'J’he ]ioints of the tacks 
striking the shoe shank, turn up, clinch and hold canvas and staves together. 
These so-called bracelets nr collars, are readily slipped off the shank of the shoo 
and kept in stock. In dry crushing, staves of wrought iron are often used 
instead of wood. Bos.'^es wear around the bottom, due to the scour of the sand 
and water, especially when the shoe is nearly worn out. The sockets may also 
gradually become enlarged. In this weakened condition tlu^ boss breaks or 
splits. The final break may bo hastened by an accident, such as a shoe falling 
off, .1 shoe pounding on a naked die, or a shoe breaking and its neck being driven 
up into the head. 

Table 109 shows the details of the bosses, as obtained from the mills. 


TABLE 109.— DETAILS OF BOSSES. 


Hill 

No. 

Material. 





Dife. 

KfnCT. 



Pounds. 

Inches. 

Inches. 

Dollars. 

Yoai*8. 


87 


215 

8 U 

18 




65 

Chrome steel. 

250 


18 

20.00 

5 

None.* 

66 


ICO 

8 

14 

7.20 



67 


220 

. li) . 

None. 

68 







5fi 


200 



11.00 

5 


61 


245 



23.76 

Over 5 


68 


900 

mtosH 

22 

14.60 


64 


200 to 210 

18 

(6)Iron 10.00 

6 


66 


240 


18 



67 

High manganese iron. 

.800 


38 

7.60 

(c) 

None. 

66 

Cast Iron. 

240 


19 

8 19 

id) 2 

None. 

78 



(e)d at top 

18 



(/) 

76 


180 

9.00 


76 


180 

£ 


(d) 20 


77 


280 

8 

18 

11.20 

8 



Cast iron... 

240 


19 

8.19 

(<h8 

None. 

68 


200 



10.00 



64 

Steel... 

288 

. 

9 

18 

0.62 

2 ' 

None. 

87 

Cast Iron... 





. 

None. 


(o) Aq Idea of Uie Talue of worn-out bosses may be gaioed by reference to Table 107 of Bhoes and Dies, (b) 
Steel oostfl $30.00. <c) Two out of $0 ^Ut in 5 yean, (a) Itf no aoddenta occur. (0) 7U IncI^ at the b^tooa. 
(/) On bottom only. 
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§ 167 


TABLE 110. —SOCKETS IN BOSSES. 




Stem Sockets. 



Shoe Sockets. 




Mill or ManufaC' 
turer. 

Depth. 

Large 

Diame¬ 

ter. 

Small 

Diame¬ 

ter. 

Taper 

per 

Voot. 

Depth. 

Large 

Diame¬ 

ter. 

Small 

Diame¬ 

ter. 

Taper 

per 

Foot. 

Length of 
Bosk. 

Diameter 

of 


IneheB. 

Inches. 

Inches. 

Inches. 

Inche.s. 

Inches. 

Inches. 

zu 

Inches. 
2. .5 

Inches. 

IH 

Inches. 

Oldhttin Mill. 




U.44 

5 

4H 


2.1 

IH 


E. P. A!Ii« Vo . 

6 



0.75 

f>!4 


2 18 

1710 18 

8>4 

Fraser & Obahiici-s.. 

6« 

SH 

8,', 

0.48 

0 

m 

m 

1.5 

18 

8 


(a) inches at bottom. 


Cornpariiifi Table 110 with Tables IOC and 113 on shoes and stems, we find 
that the stem has identically the same ta{)er and is of the same diameter as its 
socket, whib' the slnx? shank varies a little from that of its socket, being rough 
cast. With the shun, the .socket has a little extra length to take up the jam of 
tbe stem. Willi the shoe, the socket has also sjiarc width to take np the j,am of 
the staves. 

^ 1()7. Stamp Stem. —(Sec Fig. 131.)—This is made solid of wrought iron or 
mild .steel. It is turned to true cylinder or it is cold rolled and has a taper at 
both ends, so that it can bo reversed. Its duty is to connect the lappet with 
tbe boss and transmit rectilinear oscillating motion from the cam to the shoe. 
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OBE DBEBSim. 


I ni The amount of taper commonly used varies from 0.40 to 1 inch per 

I fool. (See 'J'ablcs 111 and 1iy). American practice seems to aver- 

I age from | to J inch per fool, while the English jiraetice seems to 

ll averag<! greater. 

I A stem gemwally breaks just above the head, .sometimes just below 
I Ihc tappet, the points of gnaitest strain. In the former case it can 
I he reversed and when it ne.'.t bri-aks, it can liave new pieces welded 

I on the ends and lie turned down anew, or be turned down at both 

I ends without welding. When it breaks liy the tappet, the two parts 

I can be weldeil together and then turned down. 'I'be break is caused 

I by repeated bending stress in dill’erent directions. Sonu' authorities 
|| call tiiis crystallization due to siioeLs. otbers say it is not.-"’ At 

I tbe Owybee null Ibis breaking was jiartially remedied by boring out 

I the boss and enlarging the stem at the end. The Eorluna mill, 

I liendigo, uses this same .schiMiie.-' 

i| 'I’be details of slam)i steins from the mills are given in Table 111. 

iI The figure on life, unless otherwise siiecilied or vi-rv long, is to the 

II time of tbe first break. 'I’lins at Mill (it tbe stem lasts one year bi‘- 

|| fore it breaks, if the ore is broken reasonably line by the rock breaker. 

11 In two years both ends bale broken and tbe stem lias lost ten inches 
of its length, ft is then taken to the blacksmith's shop and healed 
to nearly a welding heat and a new taper forged on both ends. This 
answers as well as turning the taper in a lathe and at the same time 
destroys any remains of the so-called crystallization. This process is 
I repealed every two years. Esually, in eight years the slein is loo 

i short and lh(‘ part running in the guides shows .some wear, so that. 

, it is di.scarded, although when the wear is slight, a new piece is some- 

11 times welded on tbe ends and it is good for several years more. 

g KiH. Tiik 'I'AnuKT is made of either cast iron or cast steel, bored 
i| to tit the stem loosely, it serves to transmit the. lifting ]iower <d' the 
cam to the stamp. According to Louis, good, close-grained, tough 
|;!| cast iron is better than any other material, but the leiidency in this 

!:!' country seems to be toward the use of steel. It is reversible, having 

a lhin<;o above and below; till' lower llange receives the lifting force 
! from the cam. 'I’lio gib tajijH’t (see Eig. 14;i), invenled liy Zenas 

B Wheeler, is attached to the, stem A by a wrought iron or forged sleet 

gib B and two or three keys'fv'. The latter number should lie used 
for heavy stamps, 'riiere is a rib cast upon the side of the tajijiet to 
give the requisite backing for the keys. 'I’be gib is flat on the back, 
Fio. 131. cylindrical in front to lit the stem, and is set !n a rece.ss in 

STAMP ijuj tappet. 'J'he keys are of steel, slightly wedge-shaped, and force 
STEM. ijjj, pji, against the stem suHiciently to lock the tappet at any desired 
height. Sharpless recoinmends that the middle part of the key 
be made of mild .sti'el which gives a good griji while the two ends ^ 

be made of high carbon steel and then hardened so that they will ^ 

not buhr over when they are driven in or out. 'I'he inside of the ^ iS 

gib should have a curve of slightly le.ss radiu.s than that of the | 

stem, to give a strong grip.’’* _ ^ 

The ends of the tappet arc counter-bored about 1 inch wide and 
1 inch deep, to p'Tevent it from wearing conical and giving a 
lateral thrust to the .stamp. The W'earing surface is from 2 to 3 Fio. 133.— 
inches wide. Ifetaiks of tappvds from mills are given in Table section of 
113, and a few dimen.'ions in Table 114. tappet. 

* S«e also Howe's “ Metallurgy of Bteel," p. 106. 
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TABLE 113. —TAPPETS. 


Mill 

No. 


Material. 


nr» 

56 

57 


(Tast iron. 

(^iirome steel 

Kt*‘el.. 

Stt'el. 


50 

50 

61 

63 

64 

65 


Oast 8U*«*1. 

Oaststfel. 

(’hronie 



NunilKT of 
Keys. 


106 

1S5 

13.5 


3 

3 

H 

2 

;5 


07 

68 

71 

73 


IMkIi nuuijraiioHo iron. 
('Iiroine stA*i*l. 


l.-iO 

1.80 

m 


3ati<13 

3 

H 

8 

8 


V.J 

74 

75 

76 

83 

Kl 

HI 

87 

88 


I f'jttshurR Kt«***J. 

Steel. 

Sl«'i-I. 

iChrouie steel. 


l.^tJ 


112 

no 

49 

1.85 


SlA'el. 

Oust iron 


12.5 

J35 


S 

3 

2 

2 

2 

8 

2 

2 aiHl 8 
8 


Cost. 

Lift!. 

WitUh of 
Anmilar 
Wearm^f 
Face. 

WtOght ol 
Stamps. 

iXillars. 

Ytsars. 

Inches. 

S 

Ton mis. 
8''0 

8r/i 

6.50 

8.50 
1,000 

900 

750 

960 

1,KK) 

800 

13.00 

Sevoral. 
Over 9 

10 to 12 

S<*v« ral. 

8 


12.00 

11.00 



18.00 

Over 5. 


12.60 

(i'o(M.l aft«*r 6, 7,8 


8 to 5 
f 5 

Many. 


8.50 

858 

800 

850 

750 

800 

950 

818 

7.50 

6.50 

980 

900 

978 

850 

650 

10 40 

11 .50 

2! a 

2 



1 





Very long. 




8.18 

18 00 

8 75 

10 HO 



M liny. 

Id l^“'!4 

e 

"" tin" 



TABLE 111.— DIMENSIONS OP TAPl'ETS. 


Mill or Company. 

of 

Ktamp 



Lhs. 

Inches. 

Hoiiif'Rtakn Mill... 

8.50 

13 

Mill 55. 

850 

13 

Mill Of. 

8.50 

13 

K 1* Alli.R (7o. 

85U 

10 

Fraser* CluilinerK 

Vx) 

10 


Kn.l 

Mitlille 

|TIii(’kn(*ss Flaup' 

ter. 

DitimeUT 

New. 

1 Chi. 

Incljch 

Inch.-s. 

Inches. 

Inches 

9 

6 

6U 

‘P, 

m 

0 

61T 

2 


9 


m 


9.’. 

m 



CoimU 

rbor«‘. 

llishlA 

Diameter 

Ltmpth 

of 

Gib. 

I-iiameler 

IiK'hc.s. 

Depth 

Inches 

Inches. 

Inches. 





4 

H 


7 

4 

Ahout ?4 




ScK'W lappets meshing with threads upon the stem and hold in plaeo by a 
key and vertieai .clots, wore formerly used, but have pretty much di-sapjieaVed 
from tlie United Stales. Tlu'v are .cfill used in Australia. At Mill 77, the 
Wheder gib ta]ipet is found to lie eheaper; it enables cold rolled shafting to he 
used for stems, which cost less than lialf as much and last longer than the 
threaded stems; the gib tippets are nnien quicker shifted and easier kept tight; 
the old screw tapjiets were alwa;i 8 becoming loose and rattling. The screw 
tappet stem also js not reversible. 

i< Kit). rifoi’oii'noKK BETWEEN Weioiits OF rAi!T.s OF A Stamf.—III regard 
to the weights of the parts, it would seem wise to concentrate the weight at the 
bottom so that the pnll upon the tappet may be as direct as possible and consc- 
qneiitly, the wear nn the guides at a minimum. This weight should ho put in 
the head rather than in the shoe to prevent too great variation in weight duo to 
wear of shoes. Added weight is sometimes olilained by putting on extra tappets 
at the top of the stems. This is not to bo commended, as it makes the stamps 
top-heavy. The place for the weight is in the boss. The stem must be thick 
enough to prevent bending. 

Table 115 shows the proportions of stamps in mills visited and in two Aus¬ 
tralian mills. 
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§ no 


TABLE 115.— PE0P0KTI0N8 OF STAMPS. 


Mill No. 

Total 
Woight 
of Stamp, 
rounds. 

Shtxt. 

Head. 

Stem. 

Tappet. 

Die. 

Weij'ht 

‘Pounds 

% 

of Total 

Weight 

Pounds 

% 

of Total 

Weight 

Pounds 

i 

of Total 

Weight 

Pounds 

% 

of Total 

Weight 

Pounds 

% 

of Total 

27. 

HOO 

125 

10 

215 

27 

840 

48 

108 

14 



55. 

8.50 

ISO 

15 

250 

29 

360 

42 

1.50 

18 



56. 

6 ,W 

185 

20 

160 

24 

288 

44 

90 

13 

100 


68 . 

1,000 (V) 

155 

175 

16 

220 

175 

26 

863 

« 

112 

13 

100 

11 

61). 

1)00 

180 

20 

200 

22 

850 

89 

170 

19 



6 t. 

960 

158 

10 

245 

26 

450 

47 

100 

n 



68 . 

1,100 

aio 

159 

150 

14 

10 

290 

26 

.... 

60(1 

45 

136 

12 

120 

11 

64 . 

800 

170 

21 

200-210 

20 

300 

87 

i25 

10 




850 

140 

16 

2(0 

28 

840 

40 

1.30 

1.5 

121 


6 < . 

85H 

128 

15 

8 CH} 

85 

800 

85 

180 

15 



71 . 

850 

180 

150 

16 

18 

240 

80 

825 

280 

41 

33 

105 

13 

120 

15 

78. 

800 

100 

SO 

200 

25 

800 

H7 

150 

io 





102 

SO 

)8U 

22 

364 

44 

112 

14 




750 

ICO 

21 

IKO 

24 

.300 

40 

110 

15 





R5 

13 

280 

48 

260 

40 

40 




82. 

080 

120 

18 

210 

26 

425 

46 

ia5 

15 

120 




150 

3 ^ 

200 

22 

300 

40 

12.5 

14 



64. 

Fortuutt. 

Lady Harkly. 

Ui8 

748 

828 

175 

108 

106 

16 

27 

24 

288 

1.59 

286 

24 

21 

28 

425 

825 

830 

44 

4.3 

41 

13.5 

66 

60 

11 

9 

7 

100 

152 

100 

13 

20 

13 


§ 170. Cam Shaft.— (Sco Fig. 133.)—It is generally long enough for two 
batteries with the overhang for one pulley. The object for this lies in the fact 
that a bri‘ak in any battery oausos a stop of ten stamps at most, and of five 



FIO. 133.- CAM SHAFT FOK TEN STAMl'S. 


stamps only as soon as the stamps of the disabled battery ean be hung up. The 
batteries are usually driven by pairs, because driving single batteries multiplies 
expense of belts and ptilleys too much. 

The earn shaft is of wrought iron or steel turned true, having a continuous 
longitudinal slot-or key seat for each battery a little longer than the space to 
be occTi])ied by the cams. The cam shaft is so heavily loaded both from the 
weights of the stamps and from the blows which the cams strike upon the tappets, 
that it must be madi; very strong. The-diameters obtained by the author range 
from 4J inche.= for light stamps to 6 inches for heavy stamps. The life of mild 
steel cam shafts at the Homestake mill is 5 years foT diameters from 4^ inches 
to 4| inches, and 10 years for diameters of 5| inches.^" At Mills 65, 73 and 74 
a spare cam shaft with cams and pulley all fitted on it, is kept in readiness and 
when a break occurs it is rolled into position in 3 hours while the turning and 
fitting of a new shaft would take at least 48 hours. Details of cam shaft are 
given in Table 116. 

§ 171. COLLAKS AND Beahingh.— Two collars (see Figs. 90 and 916) attached 
by set screws are used to guide the shafts inside the end bearings. 

Three bearings for a ten-eam shaft, are used (sec Fig. 90). In dry crushing 
mills these are generally not babbitted. In wet crushing mills the author found 
only three out of thirteen not babbitted. 

At Mill 67 boxes of soft graphitic iron in connection with a mild steel cam 
shaft were found to give the best results. The only lubricant required is an 
occasional drop of light machine oil. This is preferred to babbitted boxes be¬ 
cause: (1) there is no babbitt to crack and fall into the mortar and make sludge 
of the amalgam; (2) the alignment of the shaft is more constant, the wear is ■ 
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§ 173 


TABLE IIG.— CAM SHAFT AND BEABINGS. 


Mill 

No. 

Material oC Shaft. 

Length of 
Shaft. 

Diameter 
of Shaft. 

POBitiOD of 
Shaft 

Length of 
Bearii^s. 

B(>arings 
with or 
without 
Itobbitt. 

Bearings 
Closed by 
Cover or 
Open. 

Weight of 
Stamp. 



Ft. In. 

Inchea 


Inches. 



Pounds. 

37 





13 

With . 


800 

55 



5 


12 

With. 


850 

56 



5 


12 

With. 


660 

57 


14 C 

5.4 


12 

With. 


850 

58 







1,000 

59 


mmniiiii 

r>u 





900 

61 



u” 





960 

62 

Steel. 

12 0 



10 and 12 



1,100 

63 






850 

64 


14 6 



14 

With. 


8(X) 

65 








06 

Milrt atM'l 




HHIIIIIIIII 

Hmmiiiii 


H60 

67 

itffijvflMnM 

13 2 






858 

BA 


5™ 


18 

With. 


BOO 

wX 

. 


6^ 





650 




6 





'?!» 










Kt 



5W 






Ka 


|||ii||||||l| 

614 





618 




eij 


12 



750 

77 


a 29 6 

4^ 


12 

With. 


660 

82 





12 

With. 


980 

68 


miiiiiiiiii 






900 

84 



6^4 


18 

VVith. 


978 

87 


|||fj|||M||| 

4H 


12 

With. 


850 

88 





650 


■■■■■■■■ 


■■■■1 

■hhk 

ngnmm^ 

■■■■ 

HHHl 



(a) For 25 stuuipij. 


more even and tlierc is no delay from balibitting boxes every 4 to 6 months; (3) 
steel running on cast iron requires inueh less lubrication tban iron on babbitt, 
making less oil to be guarded against and less oil for the mill. 

These boxes are some times covered, as in Fig. 134, and sometimes the cap 
is omitted, as in Fig. 135. The use of the cap would seem desirable for keeping 



FIG. 134. 



FIG. 134.— COVERED BEARING. FIG. 135.— OPEN BEAHINO. FIG. 136a.— SIDE 
VIEW OF CAM. FIG. 1366.— FRONT VIEW. 


out the dust. Diagonal boxes are sometimes used, but they hardly seem neces¬ 
sary as the vertical component of the pressure is probably four times the hori¬ 
zontal, even where a horizontal driving belt is used. The bearings need oil 
grooves and drip pans to prevent oil from getting to the plates. 

For details of bearings as found in the mills, see Taole 116. 

§ 172. Cams. —(See Pigs. 136a and 1366.)—These serve to lift and rotate 
the stamps. They consist of one or more (generally two) arms cast on hubs 
which are held to the shaft usually by keys. The lifting surfaces of the arms 
are made spiral to suit the conditions of lifting. They are backed by strengthen¬ 
ing ribs. The double-armed cam gives less journal friction than the single- 
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armed, because it revolves half as fast. Sectional cams made with split hubs 
bolted together can be changed without stripfiing the whole shaft, but unless 
watched they are liable to work loose and are therefore not favored. The details 
, of cams as found in the mills arc shown in Table 117. 

When cast iron is used for cams a close-grained, strong grade of mt'tal is 
chosen and the bearing or lifting surfaces are chilled. 'I’lie aulhor linds that 
out of 17 mills, 9 use steel cams, 7 use iron, and one uses both, (tpen hearth 
cast steel with 0.4% carbon, or chrome steel, is the best material for earns.*® 
On account of their superior .strength they need not be made as heavy as cast iron. 


TAHI.E 117.— C.4MS. 

Abbrcviations.-c-..oonts; 0. I. Oh F.=eiiat iron with nIjilliHl face; I or Cbr, S.=Tron or chrome stenC 
lb.=:|iounil: a jper; I’ S -IbUHlmri; staj; T O. I.^ToiibIi cnvl Iron; 'I'r. U =Trenl Universal. ' 


d 

2 

i 

style. 

Material. 

WeiRht 

Cost. 

Life. 

Diameter 
from 
Tip to Tip 

Width 

Wearniff 

Face 

Greased by 

With or 
Without 
King on 
Hub. 




l^oiinds 

1 lollai's. 

Yt'aia. 

Ineiies. 

Inoiies 



27 


Oast iron .... 

iritl 







55 

Onlitiary.. 

('hroine st.e<d 

2:M 

16.40 

4 

80 






Steel. 

J.50 

12.00 






57 






29 



Without 

5H 




fie.p 11) 

10 to 15 



59: 

Ordluary.. 



12.(K) 

10 





(>1 

62 


Oust steel...., 

205 1 


None broken in 5 

aiH 


(«) 

Without. 

G4 

Onllnary .. 

Olinnne stc 1 

IGO 

15.00 

None broken in H 

29 






T 0 I. 








67 

Orilinarv. • 

(> I F 

m 

19.12 

None broken in 5 

' .S4 


(d) 


6H 

72 

Blantoti.... 
Ordinary .. 

(thronio steel 

285 


Indeflintely lotiK 
ltol4 

82 

2 

Axle grease. 

With. 

78 

Ordinary. 









75 


P S. 



Indefinitely Iour. 

34 




76 


(’a.st iron .... 

17.5 





77 


C.I Oh,F(/l 

140 

8.0.’) 

(o) 

89 

2 

ift) 


83 

Blanton.. 

(^iroiiie steel 

235 


rndeflnilely lon^ 

82 

2 


With. 


Ordinary.. 

1 orOhr. S.. 

1.50 

10 kh 

lto6 





Kt 


Tr. U. 

220 

30.00 






87 






26 


■ (i) 


m 

Ordinary .. 

(’ast iron.,.. 






_ 











(a) (.rapliile gear grease, (h) Mixture of grapliite, tar anil tallow, (cl Albany l•(lnlpoullll (d) (Iraiihite 
and tallow. Oil (c) Castor oil or axle grease. (/iTn the quick drop st'inips, addeil since tlie alsive was writ¬ 
ten, steel cams are used, (y) Ten, barring accidents. (A) p’raser's axle grease, (t) Hard grease or soap. 


The natural life of these steel earns is indefinitely long unless the mill is very 
dusty, when they gradually wear down. I’liey generally go by some accident, as 
a stamp dropping on the cam. They generaliy go at the hub; sometimes the tip 
oreaks ofr.““ 

A ring of wrought iron i.s sometimes shrunk upon the hub to receive which, 
a part is cut away (see Figs. 136ti and 13Gb). This is less used than formerly, 
particularly with steel cams. 

Cams are keyed lo the shaft by one or two keys. When two keys are used, 
they arc 120° a])art, furnishing three lines of bearing, while one key gives only 
two lines of bearing. 'J'he former gives the greater stability, but the latter is 
almost universally used in this country. The key should always be driven toward 
the stamp stem. Hardman finds that by using a key 6 inches long, 1^ inches 
wide and J ineli thick, with a taper in its whole IciUgth of slightly leas than | 
inch, the cams never got loose and it answers much more satisfactorily than 
when the taper is greater and the key smaller. 

It is customary to have one long key seat in the shaft for each of the two 
batteries (see Fig. 133), and to cut key seats in the cams so as to give tfqnal in¬ 
tervals of time between the drops. It follows that where two-anned cams are 
used, the key seats will be advanced 36° on the hubs of consecutive cams for a 
five-stamp" battery, or 18° for ten stamps-. In the latter case the even numbeys 
will be in one battery and the odd in the other (see § 196). 
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§ 173 

A template for laying out the key grooves in earns is shown in Fig. 137. It 
consists of two similar discs rigidly fastened to a connecting pin, and an arm 
which swings freely on the pin. The under disc 1) is dT'()])])cd into the cam hub; 
ihe arm is swung around till the pin (•' strikes the point of the cam; the upper 
disc E is then turned until the desired number of the cam comes opposite the 



mark A on the arm; (he keyway is (hen marked out. 'I’o change from left 
hand to right hand cams i( is only ne('essarv (o (iini the apjiaratus u])side down. 

After tile key way has hemi nnu'ked at the end. a drifting plug (see Fig. 138) 
can be u.sed for marking (lie remainder and for calipering its dejith so that it 
will exael'v suit (he key when the groove is <'om]ile(ed. 

dams are l•ellloved bv driving out the keys hy a drifting tool (see Fig. 139). 
The blow ai ts in a direetion opposite to that which set the keys in plaee. 

S 173, Ili.w'ToN v.vii O'l’iinu Si;i.i''-'rmiiTHNiNil Caji.s.— .'I’he replacing of 
broken cams of the ordinary Ivjk' is a tedious ojieration. It is made still more 
so hv the fait that the key groove has to lie cut in (he new cam after the break 
has taken place, as it is not usual to keep ten sjiare cams with the grooves cut in 



Fio. 139.— miii''TiN'u Tool,. 




FIU. 140.—IIL.VNTON CAM AND CAM SHAFT. 


the feu positions to meet all emergencies. I’he Blanton earn has been devised 
to overcome this (see Fig. 140). This cam is attached to the shaft by a taper 
bushing or wedge with very acute angle, which wraps around the shaft and is 
held in position by two pins. The action of the wedge is such that when the 
cam docs its work of lifting it slips on the wedge, becoming tightened thereby. 
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§ 174 


The cam may be loosened by knocking it backward. R. T. Bayliss, of Marysville, 
Mont., stnte.s that a shaft with ten cam.s can l)e stripped and ivfnrnished with 
new cams in less than halt an hour, while replacing ten cams ordinarily takes a 
day. 

To accomplish the symmetrical arrangement of the cams around the shaft, 
the pin sockets are bored 36° apart for the single battery and those of the other 
battery are interspaced between them. 

For these cams, therefore, the order of drop is settled at the machine shop .it 
the time of iiianufacture. To have the order of drop in the conti-ol of the mill 
man. e.xtra pin sockets would he n<‘eded. These extra sockets are not to he com¬ 
mended as they seriously weaken the shaft at its circumference where it can least 
afford to he weakened. 


The Ivew Hlanton cam (see Fig. 141) replaces the single spiral wedge hv ten 
taper faces jdaned on the shaft and teii corresponding faces ]>hined in the boi’c 
of the cam. The iu>w' form not only makes the replacing of a broken cam a s)teedy 
ojieration, hut it jdaces the order of drop in the control 
of the mill man, to bo changed at any time. There is one 
point in regard to the New Blanton cam that will be 
watched with interest, namely, since great accuracy is 
A ncH'ded in cutting the spiral surfaces both on the shaft'and 
Lmi f --- J cam bore, any irregularity will turn u]i in the form of 

uneven spacing of the drops. The wear of cams and anv 
PIG. 141. difference in elasticity of tlie metal used for cam hubs will 

NEW BLANTON CAM tciul in this same direction. 


AND PAKT OF Patent egms similar to the Blanton in ])rinei]de hut 
SHAFT. differing in details, are now made hy other manufactur¬ 

ers, among whom are the E. P. Allis Co., the Chrome Steel Works, the F. M. 
Davis Iron lYorks Co. 


gl74. Fhiction and Lubrication op Cams.— The rotation of Ihe stamp 
which is accomplished by the friction of the tappet on the cam, is enijiloyed to 
even up the wear on the shoe and die by causing the shoe to drop in a different 
position each time. With rapid stamps, too much rotation indicates loo little 
lubrication. 'I'his rotation is greater on the slow dropping starn])s than on the 
quick, owing to the inertia of rotation of the stamps. The slow drof)ping stamps 
have longer cams, and this also causes more rotation. Although the stamps 
are rotating when they leave the cams, the speed of drop is so gmat that they 
are practically dropping vertically on the ore and probably no grinding action 
takes place even with the slowest dropping stamps. 

The lubricants used are axle grease or other hard compounds, oil, tallow, 
molasses and water, molasses and flour, molasses without aditiix-ture, and soft 
soap with graphite. The last is best.” Axle grease is made from the grease 
skimmed oft in the manufacture of glue from anitual matter. Grease is to be 
avoided, or applied very carefully, when amalgamated plates are msed, because it 
sickens the mercury. 

Mill 67 reports that in starting a new mill, it is well to first grind the cams 
with an emery wheel with face parallel to the cam shaft, then the use of axle 
grease combined with graphite gives a polish and finish to the cam and the 
tappet, if continued for about two weeks. After that, oil from drip pans of 
shafting is used, and there is not the slightest trouble if the nil is put on care¬ 
fully and the stems, tappets and cams wiped two or three times a day equally 
carefully. * 

The lubricant is usually applied periodically by cotton waste nailed to a stick. 
A strip of canvas nailed under the guides an^ extending beyond them laterally, 
or a wooden shield fastened to the battery posts, is used in most of the mills to 
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prevent the lubricant from getting into the mortar and on the plates. Mill 67 
reports that it uses a canvas shield only until cams and tappets are faced. Mill 
77 reports that no shield is used, as the cam shaft is behind the stamps and the 
cams revolve away from the plates. Mill 27 uses no mercury whatever and 
hence, has no shield. 

§175. LATKiiAi. Tiiuust, Kiout AND Luft Hand Cams.—T he tendency of 
the tappet is to pu.sh the cam away from the stamp during the act of being lifted 
1'ig. 141). 1 liis is great.est at the moment of leaving the cam. If the 

carn.s on one battery are all right hand earns, while those on the other are all 
left hand, then the one set of thrusts will balance the other. In this way the 



Fia. 145.— CAM CUltVE. 

thrust upon the collars is brought to a minimum. This thru.st is greater the 
greater the eccentricity of the support. For this reason hubs are put only on 
one side oi the earn The stems are put on the opposite side and as close to the 

Sli uZ^I™ VS™ “ ‘ » 

(®ee Pig. 143) is one which is to the right of the stem 
when the top of it is moving from the observer; the hub also is to the right 
of the cam. A lefthand cam (see Pig. 144) is just the opposite. ^ 

visib-d, the cams are paired off right 
and left. Mill M has 15 right hand and 5 left hand cams on each shaft. Mill 
77 has 16 right hand and 10 left hand cams, arranged on alternate batteries. 
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§ 176. Design of Cams.— The lifting surfaces are in the form of an involute 
of a circle, the radius of which is equal to the distance between the stamp stem 
and the cam shaft center to center. Practically this curve is laid out by unwind¬ 
ing a string with a marking point at its end, frum a circular disc of wood turned 
with the above distance as its radius (see Pig. l-lo). Ihe IcjiRth of string, 
as PC unwound from iinv given point, as C, repi'estnit.'' the height to which the 
stamp 'will Ik- lined hy the forre.sporiding point B of the involute surface, pro¬ 
vided Ihe whale of Ihe surface from A to B had been used during Ihe lift. The 
radius of the itiseribing circle is therefore equal to the radius of the cam shaft 
plus that of the stem plus a small amount which is called clearance, which pre¬ 
vents the stem from rubbing upon the cam shaft. Table 118 gives the values of 
these, quantities as obtained from the mills, and Tabb* 119 gives those adopted 
by manufacturers. 


TABLE 118.— INSCKIBINQ CIRCLES AND CLEARANCE ILSEI) BY MILLS. 


Mill 

No. 

Diamet^^r 
of Sttmi. 

Diameter 
of (Jain 
Khaft. 

ilhaiiu'ter 
' of 
Iiiscribi'g 
Circle. 

Clear¬ 

ance. 

Height of 
Prop. 

Mill 

No. 

Diameter 
of Stem. 

Dinmeterj 
of Cam I 
Sliaft 1 

Diuniefi'i' 

of 

InscrlbiVl 

Cm-lc 

Clear i 
un(;e. 

Height of 
Drop. 


Inches. 

Inches. 

Inches. 

Inches. ' 

Inches 


Inches. 

Inches. : 

Inches ' 

1 Inches. 

Inches, 

87 


5 

10 


0 to 6^ 

71 


5(4 




55 

3^ 

5 

15 

8 ^ 

7 to il* 

r*o 


0 

.. ■ 


56 

8 

5 

12 


5to0^ 

TO 

8 ® 




OH to 7 

67 


6.4 

m 


7^ to 6 

74 

8 





68 




75 










7 

76 




61 





5 to 6 

77 

2% 





64 

8 ® 

5 

ioii 

m 

rtoBH 

82 


6 

0,1, ! 


Gtoil 

65 

314 




G 

H8 

3% 

.514 




67 

m 


10 


5to7 

84 


5W 

p 


1 7 to y 

6H 


5 

m 

% 

6to9 

87 

8 


12 1 




TABLE 119.— INSCRIBING CIRCLES AND CLEARANCE ADOPTED BY MANUFACTURERS. 


Manufacturer. 

Diameter of 
Cam Shaft. 

Diameter of 
8tem. 

Jbttmeter ot 
Inseriblug 
Circle. 

Clcaninee. 


Inches. 

Inch(>s. 

Inrhes. 

Inches. 

% 

lu 





((09 

(VJi 





' i ' I 

8M 1 

10 


6 < 

»}4 

n 

H 





(a) This is tht; luioimum over uwkI by this cotnpuny. 


It is essential that the distance between the centers of the cam shaft and the 
stamp stem should exactly equal the radius of the iiLscribiiig circle ; otherwise 
the cam will not strike fair against the face of the tappet and there will be in¬ 
creased jar, noise and breakage. Hardman reports that a Nova Scotia mill had 
15 cams break in a week, owing to the distance between cam shaft and stamp 
stem being J inch too much. Even chrome steel cams and tappets were pul¬ 
verized by being out of center. 

In practice there is a dividing point at about 7-ineh drop (sen § 197). As we 
go above this point, the diameter of the inscribing circle is increased to suit the 
height and speed of drop, to do which, as the drop increases, the clearance can be 
increased by any desired amount. Below this point the works use an inscribing 
circle the diameter of which is nearly constant for all the lesser drops; the figures 
given are from 11^ to 9 inches. From Table 118 of mills, it appears that they 
are following the rule quite closely in regard to their inscribing circles, with the 
exception of Mill 55, which was probably designed for the Colorado high drop 
and slow speed. 

In designing cams it is common to give them a little larger inscribing circle 
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and therefore a little longer curve than that intended to be used, so that a slight 
increase of drop can be had if desired, while on the other hand, a decrease of 
drop can l)c obtained as an expedient by raising the tappet and thus using only 
a part of the cam curve. 

On the last a to 4 inches at the point of the earn, the curve becomes sharper, 
departing from the involute and approaching tlu! arc of a circle, as shown in 
Fig. 145, thereby much lessening the pressure of the cam upon the tappet. The 
cam is cut away on the d(:l ivory side in such a manner that the taj)p(‘l will leave 
the earn from an arc of contact between 1 and 3 inches in length, instead of from 
a point of contact (A’ see Fig. l.'S(!5). These two provisions are planned to save 
both the tapjxd and the cam from cutting and breaking at the moment of parting 
company. 

The face of the cam is to 3 inches wide and is much thicker near the hub 
than at the point. Jt is backed by a web about 1] inches thick which gives the 
requisite siipfiort. This wel) for the (talifornia stamp is 3 inches wide at the 
point and widens to 3 inclu's at the bub.'*" Regarding the hub, the rule of the 
K. 1’. Allis Oo. is to make its diameter e(pial to the diameter of the inscribing 
circle and its length equal to half the distance between steins center to center. 
Fra.ser k ('lialmcrs’ standard cam has a hub J1 inches diameter and ~)i inches 
long, and Hill .'iti has a hub 10 inches diameter and .5 inches long, which tlgurcs 
ap])ro,\imalely follow the above rule. 

The reader is inferred to the most thorough discussion of the whole subject of 
cam curves in Louis’ “Hand Book of Gold Milling.” Sec also g 197 under height 
and number of drojis. 

§177. Duivino Mechanism. —The earn shaft is driven by belt and pulley 
(see Fig. t)0), nr by reducing gears from the main shaft (sec Fig. 9(i). The 
former is Ihe more usual method, redueing gears being used in the slow speed 
(kdorado mills. With hells the usual method is to operate two batteries of ton 
stamps with 'uio cam shaft. This is driven by belt from the main shaft. With 
gears, however, as many as five batteries or 3.5 stamps, arc mounted on one cam 
.shaft. This is driven by a reducing gear transmission and that in turn by a 
belt. Rubber belts are preferred as they are not injured by moisture. 

The I’ui.LEY for belt transmission in all the mills visiti'd, is built up of wood 
upon a bub and flanges of cast iron, as in Fig 915. This is to avoid cracking 
due to vibration, 'ftie reader is referred to Louis’ thorough discussion of this 
subject. Details of belts and pulleys arc given in Table 130. 


TABLE ISO.— BELTS AND PULLEYS. 


Mill 

No. 

Diame- 
tor of 
Pulley. 

Material of Belt. 

wi.itii 
of Ih-lt. 

Weight 

Stamps 

No. of 
Drops 
per 

Minute. 

Mill 

No. 

Diame¬ 
ter of 
Pulley. 

Material of Belt. 

Width 

i>r Belt 

Weight 

of 

Stamps 

No. of 
Drops 
per 

Minute. 

«7 

55 

60 

67 

68 
69 
61 

65 
« 

66 
66 
er 

Inches. 

78 

81 

73 

78 

84 

6 -ply rubber.... 

4-ply rubber.... 

Juebes. 

14 

14 

16 

14 

m 

16 

16 

16 

14 

14 

Pounds 

KOO 

850 

650 

850 

1,000 

m 

900 

1,100 

800 

850 

f58 

1 

68 

71 

72 
78 
74 

76 

77 
82 

83 

84 
88 

Inches. 

09 

78 

54 

71 

71 

72 

Geared. 

59 

74 

72 

Geared. 

Double leather... 

Inches. 

14 

14 

14 

15 

15 

16 

Geared. 

16 

(6)14 

14 

Geared. 

Pounds 

800 

&50 

750 

800 

818 

660 

030 

900 

978 

650 

94 ■ 
82 

86 

00 to 102 

90 to 102 
86 

20 

90 

100 

102 

50 

84 

)«> 

09 

72 

73 

5-ply rubber.... 

5- ply nibber. 

6 - ply rubber..... 

5-ply rubber.. 

(o) 

5 ply rubber. 

O-ply. 

8 -ply ruouer..... 


(a) 6-ply rubber cn:>8S and lougitudinally stitched. (6) 16 inches would be bettor. 


The Location of the Main Shaft. —This may have the following positions: 
(a) in front and on the level of the cam shaft (see Figs. 105, 106 and 107); (b) 
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behind near mortar on cross sills (see Figs. 103, 104 and 108); (c) in front at a 
distance from the mortar on the cross sills (see Fig. 102); (d) behind at a dis¬ 
tance from the mortar on the cross sills. 

The distribution in the mills is as follows: Mills 57, 58, 59, (il, 02, 65, 67, 
73, 74, 75 and 82, have the main shaft forward and level with the cam shaft. 
Mills 64, 71 and 72 have it forward on cross sills near the foot of the plates. 
Mills 87, 55, 66, 68 and 84 have it behind on the cross sills. Mill 56 belts direct 
to water wheel. Mill 76 belts horizontally backward from tlu' cam shaft to the 
water wheel. Mill 77 has it 30 feet in front of cam shaft and 4 feet below it (see 
Fig. 146). Mill 88 has it behind on cross sills. 

Shafts on a level with and in front of the cam shafts shut oil tlie light from 
the plates and require strong frames, but the shafts are well jdaced for delivering 
power and for good attention. Shafts near the mortar block arc in the dark, 
exposed to dirt and inconvenient to tend, and they require ticblencis which wear 
the belts, but they give ample light for the amalgamated plaics. Shafts on sills 
far from the mortar blocks are in the way of the fei'der if belniul, or of the jdittes 
if in front. They, however, avoid the tighteners. 

The Tighteneu (see Figs. 90 and Ola) is a pulley mounted upon a frame 



which swings on a hinge or .slides in a guide in such manner as to press inward 
upon the belt and take up its slack when it i‘- desired to start the stamps. 

Clutches. —A toggle friction clutch attiicbing the driving pulley to the main 
shaft is sometimes used. It enables two batteries to bo thrown out of connection 
with the power at a moment’s notice without stopping the mill. Eissler reeom-, 
mends a beveled, toothed clutch moved by a fork upon the earn shaft, for con¬ 
necting the pulley. This fonn releases the connection if the engine is turned 
backward and saves the cams from broakirig. Friction chilches arc used in Mills 
67 and 82. At Mill 74 friction clutches have Ijeen tried and discarded. 

Geamno. —Mill 77 (see Fig. 146) has 25 stamps operated by one cam shaft, 
and in consequence, uses a gear on the cam shaft 6 feet diameter, and 6 inches 
face, revolving 14^ times per minute, driven by a pinion gear 1 foot in diameter 
and a 5-foot pulley, both revolving on the same shaft 87 times per minute. This 
pulley receives power bya 22-inch belt from the main shaft, 30 feet in front of 
the cam shaft and 4 feet below it. Mill 88 also uses gears, each set driving 10 
stamps. 

1178. Watbe Pipes.—W ater is fed into the battery in wet stamping to flush' 
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out the pulp and to carry it over the plates to the vanner. Mills 27, 66, 62, 64, 
68, 77, 82 and 87 have one feed pipe for each mortar, while Mills 66, 87, 61, 66, 
67, 71 and 84 have two pipes for each mortar. In the latter case, l>inch pipes 
are commonly used. The pipes deliver at the rear, and each pipe should have a 
cock. The form of cock has been a matter of discussion and the round way plug 
cock with a removable wrench, which will remain set for any given quantity, is 
undoubtedly the best form. Fraser & Chalmers prefer to add a dial and pointer 
to this cock, so that if shut off it can be let on again to deliver the same amount of 
water. The common water faucet or valve has a tendency to open or close by 
the jar of the mill. Another method of applying water, lately used with success 
at Mill 67, is to feed in from the front tlirough |-inch nipples, pointing upward, 
one between each of the two dies at the level of the top of the foot plate, as shown 
in Fig. 117. 'I’lie very low sill of this mortar allows this. This avoids the hard 
packing of sulptiurcts, allows the settling of the amalgam, and is an aid to a 
rapid clean up. Downward pointing jet.s did not succeed so well. 

There are two systems of piping in common use. Mill (i(! has a 3-inch main at 
about the level of the floor, running in front of the eight batteries. From this 
is led a 2-inch upright between each ])air of batteries, branching at the top either 
way by 2-inch pipe. Each branch has 2 one-inch feed pipes with valves for each 
pipe for the indi\idiial battery. Between each pair of batteries there is also a 
1-inch pipe with hose in the pas.sageway for ho.sing off the plates. Mill 67 has 
the water main running just below the lower guide timber and takes th(! 2 one- 
inch p'pi'.s for the hatieries ami the hose ))ipes directly from the main. Arrange¬ 
ments for healing uaier will be taken up later in § 541. 

tilDh Fkkdhii.s.— From the bins the ore comes by chutes to the automatic 
feeders (see Figs. !K) and bltt). It is customary to feed the battery by the fall of 
one of the slaiiips. The thickness of the layer of ore upon the die determines 
the lowest position the stamj) can lake. When too thin, either the tappet or a 
collar on the main .'-laniji stem, strikes a buffer which feeds the ore. The posi¬ 
tion of this buffer can he graduated by a, hand screw. In regard to the choice of 
stamp for o))eraliiig the feeder, there seems to bo no special rule. Mills 55, 56, 
61, 62, 61, 73 and .•‘1 use the center stamp. Mills 57, 65, 07, 68 and 82, use the 
stamp ne.xt to the ('tid. Mills 71 and 76 use the end stamp. Mill 27 uses either 
the center stamp or the stamp ne.\t to the center. 

Hand feeding by shovel is .still used to some, extent. One good man can feed 
20 stamps for 12 hnurs,““ although one man to 15 stamps is more common. At 
Mill 77, which uses the Colorado system and has low capacity, one man feeds 26 
stamps per 12-hour slnft. Machine feeding is cheaper than hand feeding, gives 
more uniform wear of dies and shoes and larger capacity, and reduces wear of 
screens. The distributio.i of feeders in the mills is as follows: llendy Challenge 
feeder used by Mills 27, 53, 5-1, 55. 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 68, 
71, 73, 74, 7.5, 76, 82, 83 and 84; Templeton Holler feeder by Mill 72; Ham¬ 
mond Corrugat(‘d Cylinder fe(>der by Mill 67; hand feeding by Mills 70, 77, 85, 
87 and 88. The llendy feeder costs the most, but works under all conditions. 
The roller and Tnlloek feeders are both unreliable with clayey or sticky ores. For 
description of these feeders, sec the chapter on “Accessory Apparatus,” § 624. 

§ 180. Fingeb Baks, Cam Sticks and Overhead Crab. —Finger bars are used 
for han^ng up the stamps (see Pig. Ola). They are props which are pivoted 
upon a jack shaft resting in brackets bolted to the posts, and can be swung under 
the tappets to support them on the sides opposite to the cams. The five stand 
upon one jack shaft which must be strong enough to hold up five stamps together. 
The jack shafts arc 3 inches in diameter and long enough to reach between the 
posts. The finger bars arc shod on the end to prevent wear and are provided 
with handles. The stamp is lifted above its usual height by placing a sWd or 
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cam stick upon the cam, and at the instant the stamp reaches the top of this lift 
the finger bar is swung under and so supports the stamp at a point higher than 
that reached by the cam. 

The cam stick is either a square stick of wood, greased on the under side and 
shod on the top side with rublx-r or Icatlicr to prevent slipj)ing on the tappet, or 
it is sometimes made of strips of belting riveted together. In Mill 73 the handle 
has a flexible connection with the stick by means of a piece of rubber hose, as 
shown in Fig. 148. This prevents any jar from coming to the hand. 

An overhead track 'W'ith a truck and a hook, su])ports a diirercntial hoist which, 
attached to a grip, furnishes means to hoist any stamp along the line. Two com¬ 
mon forms of this grip arc shown in Figs. 14!) and ISO. 

§ 181. SrsTTiN(T Ue a Stami'.— The order of proceeding ns described by Louis 
is as follows: Put the dies in phu^; lay a 3-incli plank on the dies; set the heads 
on the plank; lower the stems into the heads without packing if of a good lit. 



or, if the socket is worn, w'rap a piece of canvas or sheet iron around the stem. 
Tap the stem on toj) with a hammer (guarding it with a board), to set the stem 
in the head. Drop Ihe stamp a few times at a very low drop with the cam. 
Hoist the stamp and j)laee the shoe with the staves in position and again drop 
several times on the plank to drive the shoe home. The staves expand when wet 
and hold the shoe firmly. Take out the plank and put in a block equal to the 
height of the drop; slip tappet on stem, rotating the cam until the tappet rests 
upon the point of the cam; drive the tappet keys home and drop Ihc stamp 
gently a few times upon a board until every part is forced into place. The 
tappets will have to be set again very soon. 

§ 183. Maint.vi.n [NO Hjuoiit of j)noi‘.—.\s the shoe and die wear, the height 
of drop increases, but is restored to its normal by resetting the tappets. The 
practice in the mills is shown in Table 121. 

At Mill 66, the resettfng of tappets is done as follows: Suppose the finger 
bars hold the tappets 1 inch above the reach of the cams, then blocks 1 inch 
higher than the desired drop arc set on the dies, the stamps arc let down on these 
blocks, the tappets are let down to the finger bars, and the keys driven tight. 




QBAVITT BTAMPS. 


§ 183 


201 


TABLE 121.—RESETTING TAPPETS. 


Height of 

Drop at Start 

when 
Tappets arc 

Inttlics. 

Inehcs. 

6 

f'H 

7 

0 

6 



a 

G 


7 


6 


5 

6 

5 

6 

C 


7 

SJ4 

G 



G^ur7 


Fniquenoy of Re- 
B<!tting. 


in (lays. 

20 (lays. 

Moutniy. 

10 clays. 

IWeekly. 

On daily inspection, 
on daily luspecnun. 
4 or 5 days. 
Fortnighlly. 

On daily lusis'ction. 
Wookly. 


Mill 

No. 

ITeipht of 
Drop at Start 

Height when 
Tappets are 
Reset. 

Frequency of R©. 
setting. 

68 

Inches. 

6 

Inches. 

9 

When necessary. 

71 

6J4 


On daily inst>ection. 




When oecei^ry. 



7 

On daily inspection. 



7 

On daily inspection. 


7^ 


When necesmrv. 


ll> 

Weekly. 

Fortnijirhtly. 

{t 

18 


6 

9 

When necessary. 



8 

When necessary. 


7 

9 

15 days. 

88 

13 


On daily inspection. 


A bnr iii;iy k- used for lifting tlic stamps wlmn necessary. Mill 67 uses the same 
method Init the liloek is 2 inches higher than the drop. 

At Mill 73 the iireccding method is cmploved at the time of putting in now 
shoes, but the periodic shifting of tappets to allow for wear of shoes and dies, 
is usually done without hanging uj) more than one stem at a time, e.xeept that 
when a feed stem i.s adjusted, all the others must, of course, be hung up. When 
the battery man is ready to set ta])pcts, he allows the battery to “pound out,” 
so that the stamps hit the dies, lie then nieasures the droj) with a stick and 
notes it mentally. Next he hangs up the stamp and loosens the keys, so that 
the tap|M t can he moved the desired amount by striking it from below. The 
keys arc then tightened and he goes on to the next stamp. 

i; 183. I’uTTiNCi ON New Shoes. —At Mill 73, new shoes are put on the stamps 
as f(dlows. Hang up the staru])s, remove screen and chuck block, sbovel out the 
sand into a l)ox, drive out the old shoes, hoist the stems, put blocks under the 
bosses, setting tapjiets at the same time, tighten the tap|)ets, lift the stems to 
take out the hlocks from below, |)ul new shoes with staves on them in place under 
the bosses, drop stems until shoes are driven in, return the sand to the battery 
and close it up. The old shoos are s(!raped for adhering amalgam, which often 
lodges in cavities. 

§ 184. The Clean Up consists in cleaning out the mortar, saving the amal- 
ganx, replacing worn parts, and puttitxg in false bottoms, if used. The time 
of cleaning up is apt to be determined by the amount of amalgam which col¬ 
lects in the battery, or where inside amalgamation is not practicx'd, by the life 
of tbe shoes and dies. The iiractice in the mills is shown in Table 12l A few 
examples will be given to show the variations in proccduri'. The first xvill be 
giv(;n in full, but of the ethers only the points will be given in which they differ 
from the first. 

At the (lolden Star Stamp mill the clean up comes at the first and middle 
of the month. The former is carried on as follows:*" At quarter of seven in 
the moming feeding is stopjxod. I’he stamps are made to drop slowly so that 
at seven o’clock th' re is no more ore in the mortar above the screen frame. The 
splash boards arc removed; the stamps are hung up, the water is shut off, and 
the engine is stopped. The mortars on one side of the mill are then opened by 
removing the canvas shields, screens and chuck blocks. The canvas shields and 
screens are first roughly washed by playing a hose over them. They are put 
aside to be more carefully cleaned later on. The six chuck blocks from the 
batteries facing that side of the mill which is being cleaned up, are placed on 
two apron plates, at each of which are four men to remove the amalgam, under 
the supervision of the head amalgamator. This is done by scraping the inside , 
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TABLE 122.— DETAILS OF CLEAN DP. 


* How Often. 

Ttxfis IJsetl. 

Troducta. 



Scrap Iron, to waste; ci»arseore, returned. 





uiiialgutn. 

. 

Semi-monthly. 

Clean up barrel; ineclianii’al liatea. 
KHttimi* tank; eleun up pau. 

sand, lutunt^l for go)<i 

Scrap iron, to waste, couise ore, returned; fine 
]>u[p, U> ehloiTiiuiioii works; umalgam. 

Scr.t]) iron, to waste; heavy sand, to smelter; 
amalgam. 

Coarse ore, retunwtd; coai-se pulp, to pan; fine 
{)ulp, to chlorination works; amalgam. 



iramated plates; setthn^ tanks. 

Montlily. 

Clean up barrel; cletui up pan. 

('lean 11 ]) ttarrel; hand ]>Hns; batea; 
.settlinK tanks 

Clean u}i bairel; liand pans; set¬ 
tling tanks. 

Aiualgiun; sulphides; slimes 

Gold aiiiulgaui; sulphiues, and waste. 

Scrap iron, to waste; course on.*, I'eturued; coarse 
jiul]), for next tiarrel; line pul{i, torclilonuat' 
iiig run; amalgam 

Semi-monthly. 



amalgam. 



turned; amalgam. 



S(>mi-mi>tithly .... 



Clean up barrel; tnechanicnl btitt^a. 
hand iffiim; amalgamated plut«:.s. 

Scrap iron, to waste; coarse ore, returned; 
amalgam. 





When dies wear out 
When ne(*es‘<ary lo 
put in new shoo^ 
and dies 

None. 

Vll returned. 






Monthly .. . ’. 




plates with a chisel. The hard amalgam drops off on the ajjron plate beneath. 
As much amalgam is removed as is possible without exposing the co[)per. Then 
quicksilver is sprinkled on the plate to dilute somewhat the rcjiiaining adhering 
hard amalgam. This is then spread evenly over the {)la1(! and brightened by 
scouring with a whisk broom and tailing.s, and finally smoothed with a soft 
paint brush. The amalgam that has dropped on the apron plate is enlleeted 
at the head and put under lock and key by the luaul amalgamator. In this 
same manner the chuck blocks of the entire mill an; scraped and cleaned in 
four sets of six each. In the mean time, another set of men scrape and wash 
the rim and flanges of the mortar and {k)llect the amalgam. They also remove 
the amalgam from the outside plates which has settled (luring the iiast 2-1 hours. 
This is then also taken in charge by the head amalgamator. The dressing of 
the outside plates does not take place as yet. In ord('r to keep them soft, a 
little quicksilver is sprinkled over them and evenly distributed with the brush. 
A third .=(;! of men laigin with the work on the mortar as soon as the amalgam 
from the apron plate has been removed. Two small platforms are placed at 
its head on the wooden frame for the men to stand on. Th('y then remove the 
water still remaining in the mortar and shovel out the sands above the dies into 
a heap on the apron plate (as these sands consist simply of coarse ore and do not 
contain any amalgam, they are returned to the battery aft(;r the dies have been 
put again in place). Before the die can be taken out, the stamp has to be raised 
higher by an iron bar which has its fulcrum on a cross piece r{;sting on the 
supports for the splash board. To keep it up, a 4-ineh block is placed on the 
finger bar. The dies are pried up with an iron bar, lifted out and roughly 
cleaned. Those which are to be exchanged are taken away and piled up to be 
carefully scraped and washed in due time. Those that are still good are re¬ 
turned to the mortar without further cleaning. After the dies have been taken 
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out, the remaining sand, which is rich in amalgam and contains pieces of iron 
that have accumuiated in the mortar, is shoveled out and piled up in a con¬ 
venient place to be treated separately in the rocker and the pan. Any particles 
of amalgam that have adhen'd to the rough sides of the mortar are removed and 
added to the sands. The dies are now ])ut in place again. If new shoes are 
required, they are put on as previously described in § 183. Then tlio recesses 
for the chuck block, screen frame, etc., arc cleancid by directing a hose upon 
them, and these are put in place, the screens having first been cleaned in a 
wooden bo.x with brush and water. When the chuck block is in place the sands 
first removed are shoveled in to fill the bottom of the mortar, up to the top of 
the dies. 'I’appets are set as pr(!viously described. When the engine has been 
started up, the stamps that have now shoes are first allowed to drop several times 
until the shot! is firmly fastened to the heatl. Tlit! splash bttards are put back 
into place, ore is fed into the mortar, the water is turned on tind the stamps of 
OIK! battttry aftt'r another are let down from the finger bars. Special care has 
to be taken by tlu! feeders to regulate the ore suppl}’, as the mortars are empty 
abovt‘ the tlies when the mitl starts up. The total time n'epiinal to clean up this 
120-slam|i tnill is seven hours, employing both the night and day shift. After 
the I'lean up is over, the bottom sand.s are treated in a rocker. Any coarse pieces 
of iron are picked up and lollected in a separate heaf). When the sands have 
been rocked for a little wliih' and the hose has been played on them, the residue 
on the hop[)er is broken up as fine as possible with a wooden mallet. The prod¬ 
ucts ohiained by rocking are; (J) 'I’he coarse particles remaining finally in the 
hopper; these are washed in a coarse .screen over the clean ii]) pan and any 
amalgam remaining on the screen is ])icked out and thrown into the pan, while 
the residue goes hack to the battery. (2) fi’lte heavy sands that collect on the 
curtain ai.,1 ritlle, nhich are taken up in a bucket to be worked in the pan. (3) 
The sands settling in the sluice which conducts the slimes to the waste flume, 
which are si iveled out and returned to the Iiattery. All amalgam goes to 
clean-up pan and is treated in the .same way as described under Mill 6C (§ 317). 
The pieces of iron that an; picked out from the sands in the bottom of the 
mortar, are first -craped to remove any amalgam adhering to them; they are 
then thrown out upon a heap in the yard and left there to bo corroded by a'tmos- 
pherii! action. The rusting is hastened by adding salt to the heap at various 
times. Once a year the iron that has entirely fallen to pii'ces is charged with 
quicksilver into the pan and irs gold extracted. At the middle of the month 
the clean up is much simpler, as only the chuck blocks am taken out and the 
mortar is left intact, except, of course, when any break has oecurri'd in shoe or 
die. 

At Mill 73 only one battery is cleaned at a time. The water remaining in 
the battery is siphoned and bailed out into two rectangular pans, 15X14 inches 
and 3 inches deep on one side and 3 inches on the other. The low side is slipped 
under the holes at the edge of the mortar apron and as the bottom rests on 
a slope it makes the top of the sides all on the same level. The screen and the 
chuck block and amalgamated plate are sent to clean up room. The outside 
plate on the mortar lip is scraped for amalgam. The top gravel is put into a 
box 36X18X13 inches. The shoes arc scraped off into a gold hand pan; the 
under gravel is put into buckets and goes to the clean ■ p barrel (g 228). The 
dies, the lip, and the splash board are scraped and the scrapings are put into 
one of the two rectangular pans. These two pans go to the clean up barrel. A 
little top sand is put in the mortar before the dies are put in, and then the 
parts are all replaced and stamping resumed. Total time required is 40 minutes 
per battery. In the clean up room the chuck blocks are scraped with iron 
scrapers made of old, womout, half round files, ground to sharp edges; the 
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plales aro re-amalf;aiiialed by the use of a little cyanide and sent back to the 
battery; the screens arc cleaned of araalgani and then sent to the carpenter’s 
shop for lunv plates, duplicate screens being always on hand to go to the battery. 
The amalgam obtained is ground sejiarately for each battery in a niuller mortar. 
The clean u|) barrel is also here and is described in § ;J38. 

At Mill (i7 the outside plates are dressed; the side keys loosened; the top 
board and screen are taken out; the screen is dried, cleaned and the huhr slots 
closed up by the foreman; the bottom key on chuck block is loosed until the 
water has all drained from the mortar, taking about four minutes; the chuck 
block wdth inside V-anialganiated plate attached, is lifted out, put on the table 
and the plate .scraped and cleaned; the mortar sands are shoveled into a tank 
alongside the battery; the dies are lifted out and cleaned on planks over the 
long plate; the shoes are cleaned and the final sands in the bottom of the mortar 
are taken out by small hand .shovels and added to tho.se in the tank. One 
mortar can be cleaned thus in 1^ hours. The ideaning up of the battery residue 
in the lank is by panning tubs and sink, gold pans and sievi'. 

At Mill 77, all the sand in the mortar is returned without panning, as it 
rarely carries much amalgam (because the plates collect it), and never any 
coar.se gold. The scrap iron waste collects upon the bottom bar of the screen 
frame and is thrown out when the screens arc changed or replaced. On all 
these accounts, the clean up only comes when the dies are worn out. 

At Mill .57 the residues from the batteries hrsi cleaned are fed into the battery 
la.st cleaned, 'riie final accumulation from this battery is icmoved in buckets 
and panned, iron being picked out with a magnet. The heavy stuff from the 
panning goes to a grinding pan, while the light stufl is treated in a clean up 
barrel. 

§185. Power for Stamr.s.— This is consumed in: (1) Lifting the stamp. 
(2) Friction of the cam on the tappet. (.3) Friction of the cam shaft in its 
bearings. (1) Friction of the stem in the guides. The apparent wast(‘ of 
power in the blow which the cam strikes against the ta|)pct is not real, for prac¬ 
tically an equivalent amount of power is restored by bringing the stamp to rest 
at the top of its lift. 

Louis has made an estimate of the power consumed for a battery of ten 
900-pound stamps, dropping 7 inches 90 times per minute, the weights for 
which are as follow^si Weight of cam shaft (15 feet X 5 inches), 1,000 pounds; 
weight of pulley, 2,050 pounds; weight of 10 cams, 1,410 pounds; weight of 
5.1 stamps (the average number being lifted all the time), 1,590 pounds; 
pull of belt, 900 pounds. He gets the following results: Lifting stamp, 1.432 
horse pow'er per stamp; friction of earn on tappet, 0.209 horse power per stamp; 
friction of cam shaft in bearings. 0.754 horse power for 10 stamps or 0.075 horse 
power per .stamp; friction of stem in guide.s, 0.005 hor.se power per stainji; total, 
1.721 horse pow'cr jier stamp. 

In designing mills, Fraser & Chalmers make rough estimates for power for 
stamps weighing 050, 750, 850, 900 and 950 pounds as 1, IJ, IJ, IJ and IJ horse 
power respectively. 

It is easy to compute from the weight, the height of drop, and the number 
of drops per minute, the horse power expended in overcoming gravity. The 
portion expended in overcoming friction, however, is not so easily computed. 
We may, however, obtain a ratio between the total horse power and the horse 
power to overcome gravity, and the ratio will prove of use in computing power 
for other stamps. A fei# determinations of this ratio are given in Table 123. 

Table .124 shows the horse power required by the mills and their duty per 
horse power based on the calculated horse power. The column headed “Actual 
horse power” contains the figures either estimated or measured, as furnished by 
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TABLE 123.— SHOWING RATIO BETWEEN TOTAL HORSE POWER AND THAT RE¬ 
QUIRED TO OVERCOME GRAVITY. 


Ratio. 

Authority. 

Total P<iwer, how Obtained. 

1.127 

Von Reytt»®*. 



Mill 7..». 

Itifiicator on engine. 

1.2(« 

Ijoiiis**. 

llieoretical cnlculation. 


thp millp. The column headed “Calculated horse power” is computed by the 
formula, 

Weight of stamp X droj) in feet X drops per minute 

horse power—-XI.127, 

33,000 

in which the figure 1.127 is from Von Rcytt’s ratio in Table 123. 


TABLE 124.—POW'ER FOR STAMPS. 
Alibreviations.—E — Estiiimt<?il: II. I'.s=h<irsp power; M =:Measijre*1 


Mill No. 

Weight of 
8luin]> 

IIei;,ht of 
Drop. 

j Drops per 
Minnie. 

i Actual Horse 
I*ower per 
j Stamp 

Calculated 
Hfirse Power 
I>er otamp. 
(Average.) i 

(’ajincity per 
Stamp p(*r 
24 Hours. 

Duly of 
Stamp per 

24 Hours 
per H. P. (fi) 


Pounds. 

Inches. 




Tons. 

Tons. 

S7 

800 

6t 6H, 

100 

IHM. 

1.42 

2 

1.4 

611 

7.5f> 

1 0 

100 

1 8E. 

1.28 1 

3^ 

2.3 

54 

hOO 


95 


1.61 

8 

2.2 

65 

8;>0 

7.3'V 

100 

2 E. 

1.93 

4 

2.1 

66 

650 

5toGU 

105 

0.9 E. 

1.12 

6 

6.4 

67 

8.50 

7W10 8 

86 

vy^E. 

l.UI 

1.6 

1.0 

6H 

1,000 

0 

80 

1.36 

2 

1.5 

60 

000 

7 

1 ‘.»5 


1.70 


0.9 

60 

750 

0 

it-l 


1.20 

l.i 1 

1.4 

61 

y<50 

5toC 

j lo.-» 

IHE. 

1.57 

3 

1.9 

62 

1,1<(0 

6 to 6 

1 lOO to 106 

If4 E. 

1.76 

S to 3 

1.4 

63 

850 

6 

100 


1.45 

2 

1.4 

U 

mi 

7to8U 

96 

m E. 

1.69 

8.1 

1.8 

66 

«•)« 

9 

85 

i.:i5 

4^ 

2.4 

67 

! H5H 

51^ tf> 7 

100 

(6)1.3M. 

1.36 

2H to SK 

2 1 

68 

800 

6 to 9 

iM 

1 £. 

1.60 

I 1J4 

1.1 

70 

850 

6 1 

W 




71 

HTiO 

ea 

82 


1.29 

2 4 

1.9 

72 

7.50 

6 

80 


1.10 


2.3 

73 

800 

i CU to 7 

90 to 103 


1.18 

2.4 

74 

950 

CHip7 

1 90 to 103 , 


1.75 

3^ 

2.0 

75 

818 

7H 

SB 


1.50 


2.5 

76 

750 

6Wto7« 

too to 104 


1.42 

iHtoih 

1.4 

77 

650 

16 to 18 

39 


0.91 

1.14 

1.3 

82 

930 

6to9 

06 

1«E. 

1.90 

2.2 

1.2 

83 

000 

7M 

lOu 

1.98 


1.0 

H4 

973 

Ttofl 

lOS 

i 2E. 

2.26 


1.1 

86 

850 

la 

80 

CU 




87 

850 

5 





88 

650 

13 

50 


1.20 




(a) Average, 1 .SI. (b) Th;> iufor a (ii*op of 6' inches. 


§186.—Cost of Crushing by Stamps. —It is impossible to give a general 
figure to cover all eases, but the various items of cost can be discussed one by 
one, and the effect u])on them of varying conditions can be shown. The figures 
are intended to cover merely the cost of stamping and amalgamating without 
including tlie preliminary rock lircaking or subsequent concentration. The items 
are as follows: 

(tt) Interest, Ta.res, Imurance and Deprertations .— ‘.ssuming $300 per stamp 
as the cost of a battery, not including cost of transportation, and allowing lO^o 
per year for the above charges, also assuming the duty of one stamp as 2.7 tons 
per 24 hours, running 350 days per year, then the cost per ton crushed is 3.172 
cents, which would be increased by an amount depending on the eost of trans¬ 
porting the machinery to the mill site. 

(b) Power. —An average of 26 mills in Table 124 gives 1.83 tons of ore 
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stamped per 84 hours per horse power. Using 13 cents as the cost of a horse 
power per 84 hours,* the cost per ton becomes 7.136 cents. This is ijrobably 
low, as m Mills 56, 59 and 78, using water power, one horse power requires 1.67, 
1 and 1.67 miner’s inches of water respectively, and costs 33.33 cents, 18 cents 
and 50 cents respectively. This makes the cost per ton stamped 18.813 cents, 
9.836 cents and 37.338 cents respectively. At Mills 68, 83, 83 and 84, which 
employ steam power, the cost for fuel and attendance alone for engines and 
boilers per horse power is 38 cents, 34.7 cents, 11.635 cents and 16.5 cents re¬ 
spectively. This makes the cost per ton 15.301 cents, 13.497 cents, 6.358 cents 
and 9.017 cents respectively. 

(c) Wearing farts.—Average cost for shoes and dies in 14 mills of Table 
107, is 5.030 cents per ton. 

Average cost for screens in 15 mills of Table 101, is 1.333 cents per ton. 

Cost of mortar linings estimated from Mills 67 and 64 at 0.5 cent per ton. 

Average cost for lios.ses in 13 inills is 0.399 cent jier ton. 

Cost of stems, estimated from data given by Mill 64, is 0.376 cent per ton. 

Average cost for tappets in 9 mills is 0.556 cent per ton. 

Average cost for cams in 7 mills is 0.303 cent per ton. 

Co.st for guides, belts, etc., may be estimated at 1.000 cent per ton. 

(d) Mercury Consumed. —Seventeen mills give figures ranging from 0.07 to 
8.00 ounces per ton. Omitting the latter amount, which is far above all the 
others, the average is 0.339 ounces per ton. With mercury at $40 per tlask (76.5 
pounds), this amounts to 1.107 cents per ton. J. Hays Hammond” .states that 
the loss of mercury is J ounce per ton on an average. This amounts to 1.634 
cents per ton, with mercury at $40 per flask. 

(e) Labor. —h'igures from 13 mills range from 3.8 cents to 13.6 cents per 
ton. The average is 7.909 cents per ton. If hand feeding is used, it greatly 
increa.ses the cost for labor. Thus, at Mill 77, six men at $3 each, are required 
per 84 hours for feeding 75 stamps, crushing 85 tons. 'This amounts to 31.176 
cents per ton, almost all of which is additional to the above avcrag(^ figure. 

(i) Waier f/serf.—The average water used in the mills, as shown in Table 
135, is 6.68 tons per ton of ore. The cost varies greatly in different mills. In 
mills which use mine water, the cost is counted as nothing, being charged off as 
mining exjjcnse. At Mills 56, 59, 73, and the (lover mill,"' water costs .30 
cents, 18 cents, 80 cents and 80 cents respectively, per miner’s inch per 84 
hours. A miner's inch amounts to 67.05, 67.10, 67.50 and 67.50 Inns of water 
per 34 hours, respectively. For 6.68 tons, the coat would be 3.989 cents, 1.793 
cents, 1.97!» (*nt.s and 1.979 cents respectively, that is, these figures represent 
the cost per ton of ore crushed. Mill 84, whieh is in a very dry country, has to 
pump its water 18 miles and up 400 feet. The cost for fuel ‘alone per ton of 
water pumped, is 1.097 cents. The cost for labor and incidentals would be at 
least as much more, making a total of 3.194 cents per ton of water pumped. 
This mill, however, by a system of settling and repumping at a very slight cost, 
makes the water go a long way. so that only 8.4 tons of water arc actually con¬ 
sumed per ton of ore crushed. If the above assumption is correct, the cost per 
ton of ore is equal to 5.366 cents, but it is probably low, because the water main 
is 18 miles long and this will have more than ordinary interest charges. 


Running of Stamps. 

This includes the effects of the various conditions and adjustments upon the 
work of stamping, with respect to quantity of ore broken, and the quality of the 
pulp, that is to say, whet her it is coarse or fine, and lastly, the efficiency of the 

• “ Mech. lag, Poaketbook,” p. 790. 
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battery amalgamation. In all the stamping problems, the machine will either 
be adjusted so as to put through the greatest amount of rock, making the mini¬ 
mum of slimeB, or it will be adjusted to stamp iinely, making a large percentage 
of slimes, saerificing quantity somewhat to obtain that end. The adjustments 
will now be taken up and discussed individually. 

§ 187. Kind of Oke. —The harder and tougher the ore, the slower will be the 
crushing; the softer and more friable or granular it is, the more rapid. An 
example of this is in the Harshaw mill, which stamped at the high rate of 6 
tons per stamp per 34 hours. The on; consisted of horn silver and decomposed 
(juartz, clay, hjalraled oxide of iron, and black oxide of manganese. Very clayey 
ores tend to impede crushing. 

§ 188. The Size of Peed. —The smaller the lump, the more rapid will be'the 
stamping, until it is so fine as to be unstable upon the di(!. A layer of rock one 
gi'ain deep is the most efficient arrangement for any size, because it is struck 
din'ct by (he shoe and cannot change its form without fracture. If the layers 
are several grains deej), they constitute a mass of particles which can yield to 
change of form with diminished amount of fracture. 

Practically, however, there is a minimum thickness of layer below which the 
safety of tin* die would be imperiled. This thickness would be greater w’ith a 
heavier stamp or high drop stanqis, but an average would be about 1 inch. 
Hence, in wet crushing it seems clear that the most efficient size of feed is that 
which corresponds to this minimum sale layer, and, since preliminary crushing 
by breaker is much chea)ier than by stanqis (less than one-fifth the eost, accord¬ 
ing to Ijouis), the diminished cost is a strong argument for feeding the stamps 
with this small size. In dry crushing the conditions are dilferent and the limit 
will 1)0 lower, say J inch, or less. Some authorities claim snialh'r size than 1-inch 
diameter as that suitable for feeding stamps. For example, Louis ])laces it at 
} inch and states that it may even be economy to use two breakers, one following 
the other, to get this. Bernard McDonald'^” reduces the ore to J-inch maximum, 
with crushing rolls preparatory to stamps which crush 3^ to tons per stamp 
per 24 hours. Koso'^'' recommends I-ineh diameter for feed for light stamps, 
J-inch diameter for heavy stamps. Thus, Rose states that the lluanchaca Min¬ 
ing (!o. increased the capacity 30%' by j)utting rolls Ix-tween the breaker and the 
stamps. 

In mill practice larger sizes than 1 inch prevail, as is shown in Table 125. 
The three smallest sizes in the table, those of Mills 37, 85, 87 and 88, arc mid¬ 
dling products. 


TABLE 135.— SIZES OF FEED FOR STAMPS. 


Maximum Size of Feed. 
Inches. 

Milte. 

Maximum Size of Feed. 
Inches. 

Mills. 


68 , 70, 71, 76 

77 

56 

69 

as 

64, 67, 60, 65, 72, 78, 74 
61 

1 ^. 

55, 63, 66,67, 68,82,88, 64 
64 

58 

27 

88 

86,87 

4^ (Broken by bond). 

4 (Broken by hand;. 

t==z 





Wi . 



§ 189. Method of I'eedino.— ^Whether it is done ’'y hand or by automatic 
feeder, the feeding of the stamp is a most important element in the capacity of 
a mill. The attendant judges the condition of the layer of ore upon the die by 
taking hold of the stamp stem and following it down while it strikes the blow. 
If the layer of rock is too thin it will have a decided rebound; if too thi'ek, it 
wilt strike with a dull, sinking blow; if right, it will strike a sharp, hard blow 
with hardly an indication of a rebound. It is this blow which stamps the most 
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rock in 24 hours, and it is well worth <he expense to employ enough intelligent 
men to tend the feeders close'y in order to attain this end. 

At Charleston,'” Ariz., in a wot sTamping silver mill, the capacity of the mill 
was increased 5% by .sifting out the fine ore previous to stamping. 

§ 190.— Mekcuky Fed to Battehy.— There seems to be a number of reasons 
in favor of feeding mercury to the battery. Some of them will be brought out 
in the following discussion: A nugget of gold, lying on the die under a bed of 
sand is violently abraded by the blow of the stamp. This leaves a brightened 
nugget of gold of le.ss size than before the blow and a number of line floating 
particles wliich have been scoured from the surface of the larger nugget. Jf 
on the other hand tlu; nugget is coated with quicksilver, this plastic skin greatly 
hinders abrasion and weights down the fine particles of gold which arc abraded. 
As a consequence, both the nuggets and the fine abrasives are in better condition 
to be caught by the quicksilver of the inside or outside plates than if they had 
not been coated. Commercially, amalgam is a paste of little nuggets of gold, 
each coated with quicksilver, which may or may not have penetrated to the center 
of the nuggets."' 

As to the quantity of quicksilver required, the mill practice (see Table 12fi) 
runs from 1 ounce up to (! ounces of quicksilver for each ounce of gold caught. 
The majority of the mills appear to use about ounces per ounce of gold. 
Inside amalgamation as a whole, that is, the use of inside ])lates, as well as the 
feeding of mercury, is used in the majority of mills, the opinion being that it 
is better to catch the gold as early as possible by these means, even though 
capacity is somew'hat diminished by the higher discharge, nr wider mortar re¬ 
quired to prevent scouring of the inside plates. No rule can be laid down for 
the frequency of the charging or the amount of the charge of mercury for the 
mortar. The only safe guide is the appearance of the outside plates. ' If these 
plates are hard and the amalgam is crumbly, sufficient mercury has not been 
added. On the contrary, if mercury is distinctly visilde on the plates, either in 
drops or streaks, or if patches of bright, polished plate appear, it is evident that 
mercury has been added too freely. Mill GT uses an enameled iron cup or bowl, 
holding i pint in which to keep the mercury and charges it into the mortar by 
pouring a sufficient quantity into the hollow of the hand and scattering it into 
the mouth or feed opening of the mortar. 


TABI.E I2G.—DETAILS OF IIEUCURY FED TO BATTURIEa 


None Is fed in Mills 27, .W. 58, 08, 83, 84, 87, 

Not reported in Mills 54, ,>>,5, 60 , 6.3, 70, 85, 88. 
lU ounces mortjury pt*r otin<;e gold in Mills 56, 71,75. 

Jed as required, jimgiug from appearance aiui hardness of the amalgam oo tne plates In Mills 65. 67,72 
78, 74, 76. * * 3 * 

1 to 8 ounces per ounce gold in Mill 59. 

4 tt tt tt .» ,4 .4 ,52 


‘ “ 77. 

* 61, including outside plates. 

i%to».. " 64, according to amiearance and hardn<‘ss of amalgam, or ^ to 

pound jter battery per 24 hours, according to appearance or amalgam on apron plates. 

It Is fed hourly In Mills 66,62. 6r>, 71, 73, 74. 

It is fed every 2 hours in Mill 75; others not reported. 


The amount of mercury fed may be used to calculate the probable result of 
a clean up at the end of a run. Thus W. .T. Loiing at Mill 73 takes the total 
amount of quicksilver fed during the nin and assumes a product of $14 or $15 
per ounce which experienco has .shown to be about right; to this he adds the 
value of hard amalgam removed by steel scrapers (see §53.3), estimated at $70 
per pound. The total will be very nearly the yield of the clean up. Of course 
the values to be assumed Mil vary in different mills and can only be found by 
experience. 

* F<v a vary full dlscuBslon of amalgams, see Louis,** p. 79. 
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With any given ore, the amount of mercury fed and the concentrates obtained 
day by day will usually form a basis for estimating the assay value of the ore. 
If one of these factors varies, the other should vary likewise provided the amal¬ 
gamated plates arc always kept of the same consistency. 

§ 191. Ahea of Discharge is the total area of openings through which the 
water actually issues. There are two qualities of the screen wliich affect this: 
(a) The percentage of opening in the screen, and (6) the horizontal length of 
screen, ihe effect of the former upon capacity and quality of crushing has 
been discussed under screens. (See § 1-15 cl seq.) In regard to the latter, since 
the splash rarely exceeds 9 inches in height on the screen, the available height is 
nearly t;onstant, whatever the actual height may ho. This leaves the length of 
the screen as the measure by which the area of discharge will be increased. 
Greater length can be gained by cutting down the vertical bars between the 
panels to th(! narrowest .safe limit, but double discharge, that is, discharging in 
front and behind (see Fig. 115), gives the largest gain. Double discharge 
would seem hgieallv to he advisabh* where high sj)eed of (‘rushing is sought. 
(See § 111.) It has, howi’vcr, not found favor in most mills for the following 
reasons: (a) 11 requires more water per ton of ore stamped, which may dilute 
the pulp too much for the vanners, while the capacity is only slightly increased. 
At Clunes, Australia, double di.seharge batteries use 8 to 10 gallons of water per 
stamp ])(>r niituile for tons of ore crushed per ill hours, while at Ballarat, 
single discharge batteries usti 5 gallons per minute to crush 2 tons in 24 hours 
per stamp.^* (b) Double discharge gives less time for battery amalgamation, 
(c) The splash or swash in the wider mortar acts less violently upon the screens, 
which are, therefore, more likely to clog up. (d) 'I’ho rear scn'cn is awkwardly 
situated for changing and in consequence is liable to be neglected. Bernard 
McDonald however, commends the double discharge. He finds the rear 
screen lasts as long as the front, namely, 10 to 14 days. Mill 66 also finds the 
rear screen lasts as long as the front. 


TABLE 127. —^AREA OP DISCHARGE. 


Mill 

No 

Total Screen 
Area. 

NotI.enj;Lh 
of Screen, 

Net Area of 
Openings 
in Screen. 

Cai»acity 
per Stamp 
IMir 24 hours. 

o 

R 

Total Screen 
Area. 

Net TA'ntrth 
of Screen. 

Net Area of 
(-)jicniiifrH 
in Screen. 

('apacity 
]>er Stamp 
per 24 hours 

27 

55 

5R 

57 

58 

50 

ei 

62 

64 

65 
67 

Sq. IiitOies. 
I.OWi 

1,050 

960 

565 

600 

J 884 
( 420 

269^1 

224 

628 

m 

Inches. 

96 

About 50 

96 

45 

60 

48 

69H 

49 

32 

48 

48 

4” 

Sq. Inches. 

352.1 
3H7.5 
24S.R 

99.1 

245.4 or 298.4 

75.4 

88.4 

70.8 

41.2or60 

7C.9 

About 84 5 

Tons. 

2.0 

4.0 

6.0 

1.6 

2.0 

f 

3.0 

9to3 

8.1 

3.875 

2.5 to 8.25 

scsBnssftyyfe i 

Sq. Inches. 
504 

1959i 

432 

[ 308 

294 

198 

513 

546 

1.152 

600 

Inches. 

42 

4m 

48 

44 

49 

86 

54 

42 

06 

100 

Sq. Inches. 
187.0 

62.7 

70.6 

140.1 

2.5.1 

202.6 

472.1 

Tons 

1.75 

2.4 

2.6 

8.6 

8.76 

miom 

1.14 

2.2 

2.5 


§ 192. Triple Discharge, Two-Stamp Mills. —Several manufacturers, 
among whom are ihe Joshua Hendy Machine Works, Fraser & Chalmer.s, and 
the Hammond Manufacturing Co., are making two-stamp batteries, which have 
large area of discharge. They are especially adapted to prospecting and develop¬ 
ment work. In the Joshua Hendy design (see Fig. 151;, the .=tamp weighs 850 
pounds and drops an average of 6 inches 100 times per minute. The mortar has 
two end screens, the area of each of which is 115 square inches, and a front 
screen whose area is 236 square inches, making a total of 466 square inches 
screen area, which is nearly equal to that of their ordinary five-stamp battery 
with single issue (620 square inches). 
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rock in 24 hours, and it is well worth <he expense to employ enough intelligent 
men to tend the feeders close'y in order to attain this end. 

At Charleston,'” Ariz., in a wot sTamping silver mill, the capacity of the mill 
was increased 5% by .sifting out the fine ore previous to stamping. 

§ 190.— Mekcuky Fed to Battehy.— There seems to be a number of reasons 
in favor of feeding mercury to the battery. Some of them will be brought out 
in the following discussion: A nugget of gold, lying on the die under a bed of 
sand is violently abraded by the blow of the stamp. This leaves a brightened 
nugget of gold of le.ss size than before the blow and a number of line floating 
particles wliich have been scoured from the surface of the larger nugget. Jf 
on the other hand tlu; nugget is coated with quicksilver, this plastic skin greatly 
hinders abrasion and weights down the fine particles of gold which arc abraded. 
As a consequence, both the nuggets and the fine abrasives are in better condition 
to be caught by the quicksilver of the inside or outside plates than if they had 
not been coated. Commercially, amalgam is a paste of little nuggets of gold, 
each coated with quicksilver, which may or may not have penetrated to the center 
of the nuggets."' 

As to the quantity of quicksilver required, the mill practice (see Table 12fi) 
runs from 1 ounce up to (! ounces of quicksilver for each ounce of gold caught. 
The majority of the mills appear to use about ounces per ounce of gold. 
Inside amalgamation as a whole, that is, the use of inside ])lates, as well as the 
feeding of mercury, is used in the majority of mills, the opinion being that it 
is better to catch the gold as early as possible by these means, even though 
capacity is somew'hat diminished by the higher discharge, nr wider mortar re¬ 
quired to prevent scouring of the inside plates. No rule can be laid down for 
the frequency of the charging or the amount of the charge of mercury for the 
mortar. The only safe guide is the appearance of the outside plates. ' If these 
plates are hard and the amalgam is crumbly, sufficient mercury has not been 
added. On the contrary, if mercury is distinctly visilde on the plates, either in 
drops or streaks, or if patches of bright, polished plate appear, it is evident that 
mercury has been added too freely. Mill GT uses an enameled iron cup or bowl, 
holding i pint in which to keep the mercury and charges it into the mortar by 
pouring a sufficient quantity into the hollow of the hand and scattering it into 
the mouth or feed opening of the mortar. 


TABI.E I2G.—DETAILS OF IIEUCURY FED TO BATTURIEa 


None Is fed in Mills 27, .W. 58, 08, 83, 84, 87, 

Not reported in Mills 54, ,>>,5, 60 , 6.3, 70, 85, 88. 
lU ounces mortjury pt*r otin<;e gold in Mills 56, 71,75. 

Jed as required, jimgiug from appearance aiui hardness of the amalgam oo tne plates In Mills 65. 67,72 
78, 74, 76. * * 3 * 

1 to 8 ounces per ounce gold in Mill 59. 

4 tt tt tt .» ,4 .4 ,52 


‘ “ 77. 

* 61, including outside plates. 

i%to».. " 64, according to amiearance and hardn<‘ss of amalgam, or ^ to 

pound jter battery per 24 hours, according to appearance or amalgam on apron plates. 

It Is fed hourly In Mills 66,62. 6r>, 71, 73, 74. 

It is fed every 2 hours in Mill 75; others not reported. 


The amount of mercury fed may be used to calculate the probable result of 
a clean up at the end of a run. Thus W. .T. Loiing at Mill 73 takes the total 
amount of quicksilver fed during the nin and assumes a product of $14 or $15 
per ounce which experienco has .shown to be about right; to this he adds the 
value of hard amalgam removed by steel scrapers (see §53.3), estimated at $70 
per pound. The total will be very nearly the yield of the clean up. Of course 
the values to be assumed Mil vary in different mills and can only be found by 
experience. 

* F<v a vary full dlscuBslon of amalgams, see Louis,** p. 79. 
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This led to the adoption of the 30-mesh screen, as the assays showed very 
little difference in the two cases. With either screen the tailings above 80 mesh 
assayed 50 cents p(!r ton and those below 80 mesh 56 cents per ton. 

(c) A trial of two sizes of screen at Mill 55: 

Bize of Rcmm used.. 10 mesh 14 mesh. 

Tous crushed per 24 hours per stamp. 4 2.0 

SIZING TESTS OP PULP. 

On 20 mesh. ISjf 0.02i^ 

Throiu'li 20 <in 40 mesh... 18.00^ 

TtiDJii^h 40 ou (JOiiiesh. IH.OO^ 

Q'hroij^li (K) on 80 mesh. O.Oll^ 

ThmiiKh 6U mesh. 4^ 50.0(^ 

(d) Another test at Mill 55, using a 14-niesh screen on ore that contained 
12A(i ounces of silver per ton and 0.5!) ounce gold. 


Ahbrevitttion. - 07 ..=oun<;<*s. 



I’cr Cent. ' 

Assay in 
Oz. Silver 
|ier Ton. 

Assay in i 
Oz. Gold 
|H*rTon 

Percent of 
total 
Silver. 

Per <M*nt of 
Total 
Gold. 

<>Q 20 mes)i. 

1 12 

81.75 

2.92 

2.99 

6 56 

ThnMtKh20on:i0im*hli. 

C l.T 

6.76 

0.80 1 

3. ir 

8 n 

Tltrouj'h80nn4uiii«‘s)t. 

5 65 

6 .52 

1.48 , 

8.08 1 

14.18 

ThroUKb 40 on f»it uh*sIi. 

K 15 

21 80 

1 70 

14.86 1 

2J1 43 

ThrtiUR’h 50 on 60 mosh. 

1.14 

17 49 

0 62 

2 11 

1..57 

Tliroufs'O on 70 mo.^li. 

1 78 ! 

8 89 

0.88 

1.82 1 

0.98 

ThrouKh 'O tm 80 niosli. 

4.11 

7.46 

1.26 

2 60 

8 88 

TJiroiif'li 80 on 100 iiu^sh. 

8 26 

9.41 

0.74 

6.51 1 

10.83 

Through IIX) mesh. 

68.88 

11.90 

0.80 

68 06 

32.12’ 


(c) A sizing test at Mill 77: 


On 80 mesh (0.(!0 mm.)..... 0.844 

Ttirnn^h 80 on 40 iiieHh (0.60 to 0.42 mm.). 2.214 

'nir<>ui.r}i 40 on Go mesh (0.42 to 0.26 mni.>. 8.9.')4 

Tiirou;;h «»0 on K) mesh (0.25 to 0.16 mm.). 1.054 

Throti^li HO on 120 mesh (0.16 to 0.12 uim ). 18.624 

ThroUr^h 120 on 200 nienli (0 12 to 0.068 imn.). 20.^ 

Tlirough 200 tnesli (0.063 to 0 min.). 87.(fi4 

Total.100.004 


This shows the (|ii dity of nnishing under the Colorado system. 
(f) Two mills in I’laeer County, Cal.’" 


Name of Milt. j 

Weight of 
Stamp 

Height of 
Drop. 

No. of Drojis 
per Minute. 

Size of Hole.. 

Capacity per 
Stamp i>er 

24 hours. 

Morning Star Cement Gravel Miuo. 

Cement Gravel Drift Mining Co. 

Pounds. 

H5U 

1,150 

Inches. 

6 to 8 

6 to 8 

95 to 100 * 

95 , 

lnc)n>s. 
(round) ' 
Ut 1 

Tons. 

12 

8 


The capacities of these two mills are exactly proportional to the sizes of holes, 
even though the one which has less capacity has much the lieavier stamp. 

(g) Furlhct si:dng tests may be found in Tables 318 and 319. 

On the other hand, the size of the holes should be, theoretically, small enough 
to free the particles of gold and auriferous sulphides from the quartz; practically 
this can rarely be done; we simplv approach nearer to the desired condition the 
finer we eru.'-l; Just where the limit should be, will be found out only by ex¬ 
periment. Thus, at Mill 75, a trial of a finer screen (34 mesh), slightly 
increased the yield of free gold and also slightly reduced the loss of the same in 
the tailings, hut at the same time, the value of the concentrates was reduced and 
the loss of concentrates in the tailings was increased. As this netted about the 
same total loss per ton in the tailings, coarser crushing produced the best results, 
all things considered. 
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Similarly, Mill 69 uses a No. 0 punched tin screen with holes 0.036 inehes 
(0.658 inm.) in diainetor and 31.0% of opening, and enislies 3.35 to 3.3 tons 
per stamp per 34 honrs. A No. 1 tin .“creen with liolos 0.033 inches (0.814 mm. 
in diameter and 36.3% of opening, would inen'ase the capacity about J ton and 
would effect the same saving, hut tlie concentrates would be euriehed at the e.x- 
pense of free gold, which is amalgamated in llu! former ease. 

I’he fineness of the screen affects the amount of attrition of the gold particles. 
A particle of gold resting uj)oii the die is powerfuHv abraded by the (]uartz as 
the stamp falls upon the latter; the longer the gold nugget remains U|)on the 
die the greater the abrasion. The abrasion hel])s extraction to the extent that 
it brightens the gold nugget, but the fine gold ])arlieles which are abraded, 
although bright, are yet so light as to be caught with diflieulty. It follows that 
the fine screens may overdo tlie liiiiit of good work when the gold is coarse. 

S I'.H. IlKHiiiT or I)iS('ii.M!Oi:.— My this is meant the height of the top of the 
cdiuck block or of the lower bar of the screen frame above the surface of th(‘ die 
(see Fig. 1135.) It will he seen that as the die w(‘ars. the height of discharge 
will incre.-ise. For uniformily of work it is important that this height should he 
kept constant. To do this, four methods are used, (sec 'I'able 138); (1) By 
re[)lacing a higher by a lower chuck block. (3) By reversing the screen frame, 
to replace the wide bar by the narrower. (3) By removing slats from the 
screens either outside or inside. (4) By raising the die by false bottoms. 


TABLE 138.— HEinUT.S OF MSOriAUflE. 


Mill 

No. 

Liftod out of 
Water or Not 

Height of 

How RcKiilat4*tl. 



Inches. 


27 

(c) 

U to 5 

Not reflated. 



0 




4 




8 


nc 

(i>) 

2H|to4 

RoverBing screen frame. 

67 

ia) 

4 Uj 6 

False bottom 2 inches thick. 

68 

la) 

4 

Romovablo slats oti outsicle of screen. 

59 

(o> 


Chuck block ebanget' tor I-inch wear of die. 

60 

(l>) 

H 

(Uiiick block change»l *or every incit wear of die. 

61 

(5> 

ItoG 


62 

(b) 

6 to 7 


63 

(5) 



64 

<«) 

CtoOU 

('buck block with H-incli sectims. 

6.6 

(6) 

10 

Variable chuck bl<K*k. 

66 

(5) 

'U 

('buck blocks > and 5 inches high. 

67 


8 to !2 (usiialb' 7) 

Chuck blocks 10, 8 and 0 inches high 


(a) 

4to9H 

Uses screen frumeo 5, and 1/^ indites wide. 

VtH 

(b) 


Chuck bhek made of lU-iiieh sectiuDs. 


(b) 

7 



(h) 

10 




10 



\b) 

7 



\b) 

7 to 9 

liol’IJjll milt 

77 

la) 

18 t.o 15 

No regulation. 

ft2 

i«) 

4torj4 

('hange screen frame S^tol^ inebeSt 

83 


4 

Variable chuck block 

81 

(o) 

8 to 5 

('buck blocks 3, 2 and 1 inch high. 

K7 

(ai 

2 (when dies are new) 

No regulation 

88 

(o) 

8 

Variaule chuck blocks. 


(u) StAfiipfl ure lifti d out of wat^r. (/4) Stamps arc uol. lifted out of water. 


Height of discharge affects both the quantity crushed and the quality of the 
crushed jmlp, probably more than any other one thing. Tjow di.«charge is rapid 
and gives great capacity, with a corresponding absence of slimes. The particles 
are discharged aln ost as soon as th(>v are .small enough to pass through the screen. 
High discharge is slow and gives much increased proportion of .slimes. It acts, 
in fact, more as a hydraulic classifier lifting over only the particles that will 
rise in the current produced by the feed water and the awash of the stamp. 
High discharge with 30-mesh screen has not infrequently been found to give , 
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90% of pulp that would pass through 80-mesh sieve. High discharge may 
enable a coarse screen to be used for fine crushing and, therefore, diminishes the 
cost of screens. 

If battery amalgamation is tbe primary object sought and sub.s(!(iuent concen¬ 
tration is simply au.viliary to it, then high discharge is to be advocated, that is 
C to y iiicbe.s in California, 1.3 to 18 inches in Colorado, and the difficulty of con¬ 
centrating the fine slimes is condoned. If, on the other hand, the battery is 
considered sinifdy as a crusher, preparing the ore for subsequent coneentration, 
while tlic haitery amalgamafcd jilates are au.xiliary, then low discharge should 
he adopted. Very fine stamping under these conditions, however, is hardly 
possible, as if is very hard to maintain the fine screen required. Whether con- 
centralion or amalgamation is to lie made the primary object, can oidy he decided 
by sliidving the problem of the ore. The tendency is toward the former. Three 
examples are given for illustration: 

Mill (i1 re]iorts that ihe losses increase as the slimes increase. For this 
reason a discharge low enough to diminish sliming and high enough to favor 
ballery amalgamation, is used. 

In Mill (it, by varying the height of discharge and of the size of the holes in 
the sieve, tlie conditions giving the maximum yield were found as shown in 
Table 139, Of these, the No. (i screen with G indies height of discharge, was 

TAIIT.E 139.— CONDITIONS TIUED IN MILL C4. 


Size of Sen'en Hole. 

Height, of 
bischurge. 

Value of 
Tailings 
pi>i Ton. 

Neetllo No. 

Infht^s. 

luehes. 

dents. 

5 

0 089 

1) 

Traett tu 20 

C 

0 037 

0 

Trace to IS) 

7 

0.0JJ4 

7 

40 

8 

0.083 

8 

75 


.adopted, because free gold was found in the concentrates when Ho. 5 screen and 
5 inches height of discharge were used. 

Phillips*” report,, that at the Morro Velho mine, Brazil, on pyritic ore, using 
staniinng without amalgamation followed by concentration on strakes and barrel 
amalgamation of the concentrates, they obtained results as shown in Table 130. 


TAHI.E 1.30, —EXPEBIENCE AT MOEEO VELITO MINE. 


Heiglit of 
Discliargu 

Pulp 

through 120 
Meah. 

Drops per 
Minute. 

Loss of 
Qolti. 

Capacity of 
Stump per 
Day. 

IncbeH. 



% 

Tons 

6 

75.0 

60 

44.70 

1.8 

20 

87.6 

60 

30.96 

1.8 


The height of the water in a battery is governed by the height of discharge 
and is usually from 3 to 6 inches above the top of the chuck block, although the 
splash may rise as high as 16 inches on the screen. It follows from this that the 
stamps may or may not rise above the water at every stroke. In speaking of this 
the author w'ill use the words splash and swash. The splash is the effect produced 
when the stamp is lifted out of the water. Swash is the effect produced when it 
is not. The former causes a much more violent cutting action of sand and water 
upon the plates, screens, mortar sides, etc., than the latter. This is particularly 
troe with a low discharge. 
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§ 195. Stay Battery and Oveeflow Battery.— Where water is very scarce 

and the h(‘if,dit of the i>suiTig water on 
the screen would, therefore, he very 



small, Ititlinger reports that a slay box 
is used outside the mortar, which has a 
'restricted discharge tliroiigh a small 
ni])])le », (sec Fig. 15‘i). The effect 
of this is to give a large screen area for 
sifting, and a very nuieh thickened 
pnl]) through the small nipple. It has 
the further advantage that the screen 
does not clog by chips of wood and 
there is loss sliming than in an ordi- 


4 

nl 



MILUMFTERS 

UuJuiil_J 

100 0 500 

FIG. 153, —OVERFLOW 
RATTKliY. 


nary battery. 

Order No. 1.—1,3,/>,2,4. 
No. of Htamp. 1 S 3 4 
®»ckward. ^ 



no. 164. 


This battery is called 8tausatz, or stay battery. 
Kittinger also describes the Schubar- 
Kfi.h, or overtlow battery, which omits 
thf' screen and substitutes a narrow 
vertical passage y a h with entrance 
near the die, ami exit at the level of 
the water in the mortar, thus di.scharg- 
ing fine stuff if wide, and eoarsw^ if 
narrow (see Fig. l.oll). 

S Ififi. Order of Drof.— 1’his is the 
most efficient means of distributing 
the rock evenly upon the dies. The 
blow of the stamp upon the die should 
he arranged to throw ore upon the 
adjacent dies to feed the next following 
stamps. The wave motion and the 
lengthwise swash must he evenly bal¬ 
anced to prevent the heaping up of the 
ore at one end of the mortar, leaving 
the die at the other end bare, thereby 
deia'easing the capacity. 


OrdorNo 2. — 



These flnires are Intended to she the relative posHitms of stamps witii different ordere of drop. They 
are tahen ftow Table 1S2, which Kives the l*stimaP^d time for an 8-inoh dr«>p -91 drops per minuta. Vertical 
full lines represent timtj for Hftln#?; dotted lines represent time for faliinff; blanks represent rebound and 
repose^ The siffsatt lines are drawn through the poi&U where the different stamps begin to rise, and thereby 
lUoBtrate the order oC drop. 
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Two principles for governing the order of drop have been given by the authori¬ 
ties: (1) Two adjacent stamps should never fall in succession. (2) When any 
stamp is striking, its neighbors should he rising. We may define the orders by 
con.sidering that the ohserver is standing behind the battery and facing it, then 
calling the stamps 1, 3, 3, 4, 5, numbered from the left end of the battery toward 
the right, the order No. 1 is 1, 3, 6, 8, 4, by which is meant that No. 1 or left 
hand stamii drops first, No. 3 or middle .stump second, .No. Ti, or right hand 
stamp third and so on, or, numbered backward, that is, from right to left 1, 
4, 3. .'i. 3. 'I'his satisfies bidli the above jirinciples (see Fig. 1.54.) The order 
No. 3, is 1, 5, 2, 4, 3, or, numbered backward 1, 4, 2, 3, .^), and does not quite 
fulfil cither principle (sec Fig. IfiS), but it theoretically follows the principles 
more nearly than any other except No. 1. On the other band, No. 2 seems to 
give a more symmetrical treatment of the whole battery than No. 1. 

These arc the two common orders in the mills visited, thus: Order No. 1, 
that IS, 1. 3, 3. I. or, written liackward, 1, 4, 2, ."i, 3, is list'd in Mills 37, 
50, 57, 5t), 00, 03, 03, 04, 00, 08, 00, 7J, 72, 70, 77, 82, 83, 84, 88. Order No. 
3, that is, 1, 5, 3, 1, 3, or written backward, 1, 4, 3, 3, 5, i.s used in Mills 58, 01, 
05. 07, 73, 74, 75. When other orders than No. 1 or No. 2 are u.scd, they gen¬ 
erally vary tlic height of some stamp or stamps, to oven up the work of the bat¬ 
tery.’'* 'file Tenth F. S. Census (Id'iO), Vol. J.3, adds 1, 3, 5, I, 3, or backward, 
1, 2, 4. 5, 3, as in common use. Kickard gives 1, 3, 4, 2, 5 for the Fortuna mill, 
in which 1 and 5 drop nearly together, also 3 and 4. This order written back¬ 
ward would be 1, 5, 3, 2, 4. It apjK'ars that No. 1 order is the favorite. 

Mill Iw found by actual test that they could stamp more ore, could get a 
better wave on the .screen and belter jirevcnt banking at the ends, with No. 2 
than with No. 1. „ 

After c.viendcd experiments. Mil! 73 adopted No. 2 order as the one that pre¬ 
vents banking best. Mill li!> was built \iitb No. 1 order and found that the pulp 
piled up on N,i. 5 die. It caused also an uneven wearing of the dies, the No. 5 
wearing most rafiidly, so that their jiositions had to bo shifted every two weeks. 
The inside jilatc .scoured over the No. 5 die. Iteeently, ton of the .stamps were 
changed to No. 2 order, with the result that all the above difficulties were over¬ 
come and a higher caiiaeity obtained per stamp. 

Kickard-' reports that at the (iolden Star mill. South Dakota, order No. 2 gave 
trouble from banking at the ends and wins rejilaced by order No. 1. He also 
reports that 1, 3, 5, I, 3 scoured the Deadwood Terra plates badly, but promotes 
rapid crushing beitter than any oilier. 

Speed of drop will idfeet the tendency to heap at one or other end to some 
extent, for the cnrrenl.s of water and moving gravel from one blow, will have 
time to move farther with slower stamps than with faster, and this may cause a 
reverse bank or a balance of currents. 

Where two halt' rie.-, are [daivd upon the same cam shaft, the cams are inter¬ 
spaced so that No 1 of the first battery is followed by No. I of the second battery 
and so on. Sometimes the backward or reversed order is used on the second 
battery, it being claimed that lateral thrusts of the cams are more perfectly bal¬ 
anced thereby. 

§ 197. Numukr of Drops and Height of Drop. —There are two practices, 
known as the Oalifornia and the Colorado stamp mills. The California mill 
uses a short drop and runs its cam shaft as fa.=t as it can without danger that the 
rising cam shall strike the falling tappet. They run from 80 to 110 drops per 
minute and 5 to 9 inches drop. The Colorado mill (chiefly in Gilpin County), 
uses a high drop, which necessitates fewer drops per minute. They use 16 to 
20-inch drop and run 26 to 32 drops per minute.*’ 

As a general principle, the greater the number of drops per minute of a given 
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stamp, tlie greater the quantity of ore crushed, also the higher the drop, the 
greater the capacity. These two principles, however, conflict with each other. 
If many drops arc .sought, the height of drop must be small, else the falling tappet 
will .strike the rising earn. The tialifornia practice is the result of jmshing for 
many drops; the Colorado, for high drop. 

Limits Due to Lower. —1). 15. Morisoii-'’'* has hy the use of an indicator, show¬ 
ing the complete cycle of velocity of a stamp, lately made an investigation which 
throws a great deal of light upon the miiiiher and height of drops ])osKil)lo, and, 
at the same time, upon the diameter of the inscribing circle. IIis indicator 
consisted of a drum 7 inches in diameter, revolving with uniform velocity. The 
recording pencil, running between vertical guides, was attached to a washer on 
the stamp stem, this wa.sher being loose and held in position liy collars .above and 
below. The battery had !)00-pound .stamps and .Sandycroft standard cams, and 
was run a week to establish practical conditions before the tests were made. 


TABLE 131.— ANALYSIS OF D. n. MORISO.N’s Ol’ltVES OF THE VELOCITY OF STAMFS. 


Mori- 

Bon'B 

PlatpNo. 

Drops 

IMT 

Minute. 


Ascent willi Uniform 
VeliKiity .V-H. 

Awent with He- 
tardingVelfK-.R-C 

1 line of 
TIniforni 
ly Aeivl 
erfitod 
Deseent 
C-D 

Time 
of Re¬ 
bound 

1) K 

Tiim* of 
liep« ise 
E A. 

Totnl 
Time of 
Cycle. 

of 

Drop. 

Time. 

Hciglit. 

Velocity 

per 

Second. 

Time. 

Height. 




S'M'onds. 

Inches. 

Inches. 

SiH'onds. 

Inches. 

Sec mds. 

St'conds. 

Seeoinls 

.StH'onils. 

9 

82 

0)4 

0.23 

U .32 

27..') 

0,00 

0..0 

0.2 

0 II 

0.12 

0.715 

10 

8H 

OH 

0 

0.2 

28.2 

U.07{a') 

0.84(a) 

0.21 

0.10 

0.(XS5 

O.fiK 

11 

07 

0)^ 

0.212 

f>.7fi 

31.9 

o.or) 

0.43 

0 20 

0 092 

0.(H1 

0 615 

12 

80 

8 

0.284 

7.64 

26.9 

0.00 

0.56 

(» 23 

0.12.') 

(» 0.5 

0.75 

13 

84 

H 

0.278 

7 8 

28.1 

0.007 

0..^ 

0.225 

0.(1,v 

0 10 

o.n 

14 

03 

K 

0.27.') 

8.12 

2 ti.r. 

0 i)4K 

0.48 

0.222 

0 100 

0 00 

0.64.5 


(a) Thuso llKures ui-e bo out of the harmony with the others Uiat tliey have been throwu out iu tlie compu¬ 
tations. 


TABLE 13^.—COMPUTED DROPS PER MINUTE AND DIAMETERS OF INSCUTBINa 
CIRCLES FOR VARYING HEIGHT OF DROP. 


of Drop in lochw. 

'lime for aHcent with uniform velocity in seconds. 
Time for a-soent witii retarded velociby m seconds 

Total time for descent iiv seconds. 

Total tune for ndKnind and repost* in seconds. 

Drops per minnt.(‘. 

Diameter of inscritnng circle in inches. 


3. 

4. 

5. 

6. 


8. 

9. 

10. 

11, 

IK. 

07H 

.110 

.141 

.172 

2111 

.5X15 

.266 

.298 

.423 

.549 

.055 

.055 

.055 

.0.V) 

.055 

.0.V) 


.0.55 

.0,55 

.05.5 

.185 

.158 

.175 

.192 

.200 

.217 

.231 

.244 

.288 

.826 

.15(1 


.15(1 

.I.Sd 

.1.50 

a:h> 

.l.Vl 

.m 

.150 

.150 

148.5 

126.8 

11.5.2 

!(« I 

97.6 

01.3 

85..5 

80.3 

65. .5 

r)5.6 

6.00 

7.30 

8.46 

9 57 

10..58 

11.5-1 

12 63 

18 47 

17.08 

20.40 


Table 131 shows the results obtained by analyzing and measuring his six in¬ 
dicator cards, of which two arc given in Figs, iriti and 1.17. The eyele in Fig. 
156, for example, may he thus stated : At A, the condition of the slump is changed 
in an instant from repose to full velocity upward. The itam)) llum continues 
from A to if at uniform velocity. From B to (! its ujiward velocity decreases 
to zero by uniformly retarded motion. From C to D the stamp falls with ap¬ 
proximately uniformly accelerated velocity. At D it strikes the iilow on the 
quartz and rebounds from D to E, and finally, the stamp is in repose from E to 
A. The dotted line from A to is the actual line traced by the pencil and 
shows irregularities due to vibrations of the mill. The straight black line is 
what it would have been if thoi5e vibrations had not existed. The dot and dash 
line on the descending side, is put in to compare the actual path of the stamp 
with that of a body falling in a vacuum. 

From Table 1.31 we may conclude that 31.0 inches per second is a maximum 
safe lifting velocity, which is further borne out by Table 133 of mills; that 0.055 
second and 0.5 inch are the time and height respectively of retardation eori'e- 
sponding to this velocity (these are both averages of five out of the six figures 
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givon), tlint 0.150 socond is a siifTiciprit total time to allow for rebound and 
rt'pose, in order that the rising cam nia.y not strike a falling tappet. Using these 
figur(*Rj we can compute the maximum niimher of drops po.ssible for any given 
height of drop. The values in Table 1.38 have been computed thus: With a lift 
of 1 inches, for pimple, there will bo 0.5 inch of retardation at the end of the 
lift, leaving 3.5 inches of uniform ascending velocity. Dividing this 3.5 inches 



INU — ^UROl-S PEK Ml>iL'IE=97 



iNu.—mtoi's 1 ‘Ku mjnute=84. 


by 31.9 inches per second, we get 0.110 second consumed in lifting the stamp at 
uniform velocity. Ihe time for retardation is 0.055 second, as assumed. The 
total time of descent is measured on the card (see Pig. 150) from F to TI, and 
18 0.1o8 sepid. The time for rebound and ri'pose is 0.150 second, as assumed 
The sum of all these is 0.473 second and is the total time of one cycle. Divid- 
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ing 60 by 0.473 we get 136.8 as the number of drops per minute that is possible 
for a 4-iiich drop. The diameter of the inscribing circle is obtained by the fol¬ 
lowing proportion, based on the fact that the height of lift is equal to the string 
unwound (sec Tig. 145). 

0.110-|-0.055: 0.473=4 inches: x 

a:=11.47 inclu's as the scmi-circumference of the inscribing circle. The 
2X11.47 

diameter is-=7.30 inches. 

3.1416 

The figiircs for the other heights of drop were computed in the same way 
except that for those above 8 inches, the time for descent was obtained by mul¬ 
tiplying the theoretical time of fall for the drop in a vacuum by 1.07, an aver¬ 
age factor obtained from several comparisons on the diagrams of the actual and 
theoretical curves. 

This table is based upon 31.9 inches per second velocity as the maximum safe 
speed of lifting a stamp, and a speed that should l)c raainlaincd lo wnsle tlie least 
time. It is clear from the figures, that to maintain this condition, the diameter 
of the inscribing circle must be exactly suited to the height of drop and speed. 
In doing this, however, for average stamps of 850 pounds weight, w'llh height of 
drop less than the dividing limit of 7-inch drop, it is impossible to use the first 
part of the cur\e, because the sum of the radii of the cam shaft and stamp stem, 
and of clearance will be greater than the radius of the inscribing cireh'. There 
are, then, two courses possible: («) to use a large inscribing circle with a .shortened 
cam; (h), to reduce the sizes and weights of the parts so that the curv(‘ from 
the correct inscribing circle can be used. Considering, for examjilc, a 4-inch 
drop, the second method allows of the theoretical 123 dro]is per minute, but cuts 
down the weights of the )mrts to where the stain|) would probably be of no prac¬ 
tical use. The first method is the only alternative, but it is imposssible to get 
the theoretical 123 drops per minute without greatly ovcrslepjiping the 31.9 
inches per second maximum safe lifting velocity. 

§ 198. Limits oi>' .Si-ked and Height of Dkoi- Due to the Mohtau. —Besides 
the limits due to the mechanism, there is an upper and lower limit due to condi¬ 
tions in the mortar. If the drop is too low, the die may not he covered by ore 
preparatory to the next stroke. If too high, an unreasonable wear on the dies 
wiU take pia ie, unless a harmful thickne.ss of layer is used on I he die.-'’ 

The rapid drop has the indirect effect of increasing cajiacity by creating a more 
violent swash of the water which holds the line stuff in suspension ami enables 
the water to carry it out of the battery. 

Banking, particularly at the end of the mortar, may be prevented upon a 
given die by increasing the height of the corresponding stamp, or the effective¬ 
ness of the swash to discharge through the screen may be increased, by varying 
the drop of a particular stamp. Thu.s, at the Owyhee mill it was found of ad¬ 
vantage to give No. 3 stamp J inch more, and No. 8 and No. 4 stamps ^ inch 
more drop than No. 1 and No. 5 stamps.’” This expedient is not to be recom¬ 
mended, however, as it hinders inside amalgamation, and because the proper use 
of the usual adjustments will cure the evil. 

§ 199. Weight of Stamps and Effectiveness of Blow.— Closely connected 
with height of dron and number of drops in considering the efficiency of stamps, 
is the weight of the stamp. As a /general rule, we may say the crushing capacity 
of a single blow incrcases'almost directly as the weight of the stamp when speed, 
height, c<e., remain unchanged. 

The effectiveness of blow can be stated for comparison in two ways: (o) 
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as pounds weight of stamp per square inch of die, and (b) as foot pounds per 
square inch, in which the element of height is included. Table 133 gives both 
these values for the mills visited by the author. The first, which is obtained by 
dividing the weight of the stamp by the area of the die in square inches, varies 
from 111.(I to Ib.l. Louis recommends from 11 to 14 to be used in dc.signing 
stamps. The second method, which is by far the better, is obtained by multi¬ 
plying the weight of the stamp in pounds, w, by the drop in inches, h, and divid¬ 
ing the product by 13 times the area of the shoe in square inches, a, which is 

wXli. w iP 

stated by the fraction-. This value is equal to-where v is the velocity 

12Xa 64.4a 

in feet per second that the stamp would acquire if it fell freely in a vacuum. 
The values in Table 133 were computed by the first of these two expressions and 
vary from (>.3(1 to is.3 foed pounds per square inch. The stamp never quite 
delivers the energy indicated, because the velocity falls a little short of the 
theoretical on account of the friction of the guides and water. Morison finds, 
comiiaring the dot and dash and the full line (Figs. 1.50 and 157), that the loss 
of energy is 17% with well lubricated stamps, and estimates that it may increase 
to 85% under average conditions of work. Louis,'® in discussing Morison’s 

TABLE 133. —EFFICIENCY OF STAMP BLOW. 


AbbreT’iatioiiB —Id —luclics; Lbs =Pound 8 ; No.ssNuinb<‘r: Sq ^Square. 


1 

Weight 

Clf 

Stump 

Height 

of 

Drop. 

Drops 

per 

Miuute. 

Diameter 

of 

Die. 

Weight 

per 

Sq Inch 
(«) 

Avt'ragt' 
Koot Lbh. 
per Sq 
Ineh. ( 0 ) 

Maximum 
Size of 
P'tsed. 

size of 
Sereen Hole 

Height 
of Dis¬ 
charge. 

Capacity 

per 

24 Houra. 


Lbs. 

in 


In. 

Lbs. 


Incbes. 

Inches. 

Inches. 


27 

800 

6 -«« 

100 


14.9H 

7.34 

it 

.035 Sq. 

M-5 

2 

58 

750 


100 






0 


54 

800 






a 




5.5 

8.50 

7-0 

100 

S« 

M.98 

9.99 

Hi 

.(M'l Sq. 

8 


5C 

650 


105 

8 

12.93 

6.20 

4 

.068 Sq. 

2H4 

6 

57 

8.50 

Tii-H 

86 

9 

13..% 

8.68 

2 

.03 round. 

4-6 

1.6 

58 

1,000 

0 

80 


17.60 

8.81 

Run of mine. 

.021 or .028 Sq 

4 

3 

5)1 

000 

7 

or 

9 

14.15 

8 25 

8 

.025 round. 

4U 


60 

760 

C 



13.22 

6.61 

2 

40 mesh. 


17 

61 

060 

5-6 

105 

9 

15 09 

6.92 

IM 

032 round. 

6-0 

8 

6 y 

1.100 

5-6 

100-105 


10 .:w 

8.88 


024 or .029 “ 

6-7 

2-8 

68 

8f)0 

6 

100 

m 

14.98 

7.49 

lit 

25 mesh. 


8 

64 

800 

7-8H 

9fi 

9 

12..59 

8.12 



6 - 6 ^ 

8.1 





8 



2 




66 

8.50 

0 

65 

9 

1.3.»5 

10 03 


.(*24 slot 

10 


07 

8.5H 

5-7 

1 (K) 


15.12 

7.50 


.025 slot. 

(c) 8-12 


68 

800 

6-9 

94 


14.n8 

8.81 

]l4 


4-9>i 

m 

70 

850 

0 



14.98 

7.49 





71 

850 


82 

84 

14 98 

8.12 

Ruu of mine. 

30 mesh. 

7 

2.4 

72 

760 


86 

m 

1 .S .22 

6.61 

2 

.022 slot. 

7 

2.5 

78 

800 

tii-7 


8 

15.92 

K.96 

2 

.(S50 round. 

10 

8.6 

74 

9.50 

mmm 

9(V-102 

K'A 

16.75 

9.4- 

2 



8.6 

75 

618 


86 

Hiv 

11.40 

9.01 


.045 Sq. 

7 

m 

76 

7iW 



SH 

13.22 

7.16 

Run of mine 

36 inesn. 

7-9 

77 

050 

J6-18 

29 

8 

12.93 

18.32 

Him of min(',4^ 

.017 slot. 

18-15 

iT.4 

63 

930 

6-9 


SM 

16.39 

10 . 2-1 

1}4 


4-^ 

2.2 

88 

900 

I?, 



15.86 

10.24 

1 ^ 


4 

3 

84 

973 

7-9 



18.78 

9.15 

liv 

.016 Sq. 

8-5 





30 


14.98 

16.24 





87 

850 

5 

&5 

8 ^ 

14.98 

6.24 

w> 

24 or 30 mesh. 

(€)a 


K8 

650 

IS 

W' 





.025 slot. 

8 



mnnnii 

nnnmn^ 

mnnmn 





(a) Average. 14^ (b) Average. 8.00. (c) Usually 7. (d) Through 4 mesh <m 13 mesh, (e) With new dies. 


paper, says that the loss of velocity amounts to between 15 and 37%. Since 
energy varies as the square of the velocity, this corresponds to a loss of energy 
of from 38 to 60%. 

When we consider that of all the work put in to a stamp only 88.73% ia 
applied to actual lifting (see § 185), and that of this, 17% at least is not re- 
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covered, we have 73.65 % left as the final efficiency of the gravity stamp under 
the most favorable conditions. 

Referring to Table 133, Mill 56 has the lowest figure of 6.30 foot pounds per 
square inch. 'This is a gravel mill, crushing very coarse where the cement can 
be perfectly disintegrated without fine stamping the gravel. On the other hand. 
Mills 77 and 85 have the highest figures of 18.33 and 16.31, respectively. These 
are the only mills using the Colorado system, and they arc seeking for the finest 
possible crushing of the ore. In the regular California mills the figures run 
from 6.6 to 10.3. 

Hardman has found at the Oldham mill, which treated custom ores, that the 
blow should he regulated according to the individual character of the ore, and 
since it is impossible to change the weight of the stamp, the regulation is made 
by changing the height of the drop. 'Thus, for examjilo, for a harder ore, 8-inch 
drop would be suitable, while a 6-inch drop would suit a softer ore. The former 
corresponds to 10.08, the latter to 7.56 foot pounds per square inch. 

Louis calls attention to the fact that the work required to lift a .stamp weigh¬ 
ing If pounds through a heiglit // feet is WU foot pounds, while the momentum 
of a falling stamp is WV=W\/n 4 . 4 . H. 'fherel'ore the work of lifting varies as 
the height, wliile the work given out by the blow varies as the square root of the 
height. In consequence, the “most economical way of employing jiower in a 
stamp mill is by making the weight as great, and the height of drop as small, 
as is consistent with convenience in practice.” It will be .seen that this is borne 
out in mill design. 

At the Penn mill and Iron City mill.* working on the same ore from the Con¬ 
crete mine, 17^ cords (a cord is about 9 tons), or 157^ tons, took 9 days at the 
former with 35 slow drop stamps, while at the latter, 18 cords, or 163 tons, look 
3]) days with 25 fast drop stamps, and at the same time the fast drop stamps 
yielded 7^ [lennyweights more gold jier cord than the slow droji stamps. 'The 
ore ran about 3 to + ounces gold per ton. 'The ore w.as quartz, containing con¬ 
siderable iron sulphide. At the Iron City mill the ore fed was from a grizzly 
with IJ-inch spaces and a Blake hreaker, set at 3 inches. 'The .speed of the 
stamps was 58 to 65 drops per minute and the height of drop was from 8 to 13 
inches, average about 9 inclies. Each stamp weighed 700 pounds. 'I’he height 
of discharge was 8 inches. The screen was 7X48 inches. Each stamp used 2.2 
gallons water per minute. 

The Al.aska-'rrcadwell mill*''* has adopted, after numerous experiments, 1,000 
pounds weight, as the maximum that can be satisfactorily u.sed. (Ireatcr weight 
gave increased capacity, but hindered amalgamation by the rapid rush of the 
pulp over the plates. 

California practice; has adopted 800 to 900 pounds as the most satisfactory 
weights (see Table 133). 

At the Oro Fina inintqf Big Canon, Cal., l,450-p(.und stamps, dropping 6 
inches, 95 drops per minute, crushed 3 tons ])er stamp per 24 hours. Later 
1,130-pound stamps, dropping 6 inches, 107 drops per minute, cruslual 3 tons 
per stamp per 24 hours. The latter stamps were much easier on the frame, and 
figure out only 87.4% of the power of the former. 

The difficulty with the heavy stamps lies in the fact that the frame must be 
built extremely strong to resist vibration, and the expense increases out of pro¬ 
portion to the increased duty of the stamp. 

The difficulty wifli extremely light stamps is that they do little work unless 
given high drop, and if given high drop, the drops per minute must b^much re- 
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duced to prevent the rising earn from striking the falling lappet and hence, the 
advantage is lost. 

Light stamps and short drop are used in gravel milling (see Mill 56); also 
with soft ores, lor e.vumple, the Dahloiiega district, tJeorgia (see Figs. 95a and 
956), where the stamj) is used upon lumps that are not disintegrated by hydrau- 
licking. The stamp weighs 450 pounds and drops 9 inches, 80 times per minute. 


TABLE 134.— STAMP MILL PUACTICE IN SOUTH AFRICA. 


Abbreviations. ^|)enc«*; In rrinch; pounds; 8.=.shUllnp4. 


Mine. 


Bonanza. 

City & Stibnrhan. 

Crown Heef. 

Ferreira. 

GoUiciiihuis Estate... 

GeideuliniH IX'ej). 

Jubilee A Salisbury. 

Meyer «S Ciiarltoii. 

New Primrose. 

New Cound. 

Robineon.. 

Siiain<‘r A .Ifick (new null). 
Bimtnor A Jack(t)ld null)., 
WoUmter. 


Number 

of 

KtampH. 

Welpht 

of <*jicli 
Stamp. 

Number 
of Drops 
per 

Minute. 

Height 

Drop. 

Average 
Depth of 
Discharge 

Capacity 
j)er 
Stamp 
nor 21 
Hours 

H 

Cost of 
Milling 
per Tod 








s. 

(1. 

40 


W 



5.48 

2G 

4 

8.50 


1,00(1 

% 



5.01 

26 

8 

9.68 

120 

ma 

97 



4.97 

26 

2 

8.18 

HO 

K)0 

'M 


4 

4.38 

26 

8 

4.29 


050 

97 

8 

6 

4 75 

26 

2 

5.02 

200 

1,050 

90 

m 

5-7 

4.3H 

26 

8 

2.76 

1 01 

050 

OTi 

8 

4 

8.75 

24 

0 

4,00 

( .On 

000 

95 

8 

4 

3 7.5 

24 

2 

4.00 

HO 

1,000 

94 

8 


4.31 

22 

2 

9,74 

100 

l,OSK 
1,1‘.50 

1 , 2 : 4 ) 

9(5 

8 

5.28 

24 

2 

8.64 

1 10 

9 . 

8 

8 

4.21 

24 

3 

1.88 

120 

‘.KIO 

97 


4-5 

4.GO 

2H 

a 

8.84 

280 

1,250 

05 

8-OH 

' m-'TH 


21 



100 

1.(X)0 

05 


4.49 

24 

8 11.08 

100 

i,orx) 

95 

7-8 


4.62 

22 


1.84 


The height of discharge is 3 inelu's when the dies arc new. The screen has 121 
holes per >‘piare inch. 'The mill cnishe.« 3 to 5 tons jier stamp in 34 hours. 

In South .4friea, where the aim is not to get the maximum extraction by am¬ 
algamation bet rather to combine amalgamation with eyaniding and at the same 
time to use Mich stamps as will give the ma.ximum erusliing capacity, crushing 
no finer tliaii is neccs.sary for the eyaniding, the piaelice in the recently built 
mills is to use licuvy stamps, weighing from 1,100 to 1,350 pounds. Table 134 
shows the weights in a number of mills, together with the other adjustments and 
the capacities. 

§ 300. Amount and Temperature of the Water. —Only the former will 
he treated here, the latter being reserved until the eliaptor on “Amalgamation,” 
(see §541.) The cpiantity of water used in stamping varies with the amount 
that is available and also with the treatment which is to follow. The greater 
the quantity of water, the more rapid will he the stamping, and the less the 
sliming, for the reason that the crushed particles will he taken out of the way as 
sc.on as they arc crushed, by a large quantity of water. This increase, however, 
is not proportion.Tl to the amount of water and as water increases, very soon 
reaches a practical maximum. With a small amount of water, the crushing of 
the next fragments is seriously hindered by the fine ore which has not yet been 
diseharged, and which is crushed finer in consequenee. If we carry the idea 
still further in the direction of diminution of water, we reach a condition where 
the mortar is filled with mud and the stamp ceases to crush anything. Beyond 
this we have dry crushing used in dry silver mills. Fer this, the ore must be 
dried preparatory to stamping. Tbe mortars are double issue (see Fig. 115), 
and discharge at the level of the die. The screens are housed in to confine the 
dust and worm conveyors, running in front and behind the mortars, collect 
the crushed ore for the whole mill. The dry crushing stamp has a low capacity 
with about double the cost per ton compared with the wet, and consequently. 
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makes a larg(>r percentage of fines, as is well shown by the following test of the 
product of the Blue Bird mill Butte, Mont. Through aO on 30 mesh (1.0 to 
0.0 mm.), 1.00% ; through 30 on 40 mesh (0.6 to 0.12 mm.), 1.03% ; through 40 
on 60 mesh (0.42 to 0.25 mm.), 4.93%; through 60 on 120 mesh (0.2.5 to 0.12 
mm.), 6.42%; through 120 mesh (0.12 to 0 mm.), 86.62%. The ore was 
principally silica and was crushed by 800-pound stamps, making 90 drops per 
minute of 8 inches. Screen used was 20 mesh with 0.61 mm. holes. Sizing 
tests of the Ontario dry crushing mill have already been given in § 193. 

The treatment which is to follow wet stamping limits tlie (luanlity of water, 
because both the amalgamated plates and the concentrating machines work at a 
disadvantage! with too much water. 

Table 135 gives the quantity of water in gallons per minute! per slamp and in 


TABLE 135.—WATEK USED IN STAMPING. 


Mill, 
No 

Capacity per 
Stamp per 24 
Flours 

Water Usetl 
per Stamp pr‘r 
Miniito. 

Water Used 
IM'r Ton of C>rc 
Stamped. («) 


Mill 

No. 

Cfipacity per 
Stamp per 24 i 
Hours. 

Water Usetl 
per stamp pei 
Minute, 

1 Wator Used 
iper Ton of Ore 

1 SimniMMl. (a) 


Tons. 

(xallotia. 

Tons. 



'J'ODS. 

Ualloiis. 


.W 

4 0 

2.64 

3 95 


68 

1.75 

2 . 

6.a5 

56 

6.0 

6.60 

6.68 


71 

2.4 

8 . 

7 49 

57 

1.6 

2 . 

7.49 


72 

2 5 

3.2.5 

7 49 

68 

2 

4.7 

14.08 


78 

8.5 

1.7 

2.92 

59 

1.5 

4. 

15.97 


74 

3 5 

1 7 

2.92 

60 

1.7 

8 . 

1U.57 


75 

8.75 

2 . 

3.19 

61 

8 . 

8.6 

7.19 


77 

1.14 

! 2. 

10.51 

63 

2to8 

8 - 

5.99 to 8.99 


H2 

2 2 

i 

5 15 

64 

8 1 

8 . 

6.80 



2.5 

! i.(M 

2.10 

6.5 

3 5 

1.7 

8.92 







4.5 

8.25 

4.32 






67 

2.5to8.25 

2.5 to 8.25 

6.00 

i 


(c)2 83 

(r)2.77 

(r)6.0K 











(a) 1 pounds; 1 uallon per mlnute=6.00399 tons la 84 hours, (h) Tins does not melude what 

is re-puiiii>e(l to the stamps, (c) Tiiis is the average of all. 


tons of water per ton of ore crushed. The former is the usual meiele of e'.vpress- 
ing it. Nineteen mills in Australia and New Zealand (taken from l{iekiirel“'), 
when averaged gave 2.13 tons of eire crushed peT stamp peT 24 hours, and use!d 
6.43 gallems of wate>r per stamp per minute, or 15.87 terns eef water per ton of 
ore. The water use’d is large-, due to the fact that se-veral eef the mills use elonhlo 
_ discharge. Ijouis"' gives as geeiieral praedie-e, 80 to 240, or an average- of 150 
cubic feet of water jK-r ton of e>ro. This correspeinels to 2.5 to 7.5 teens, or an 
average! eef l.te!) teens water per ton of ore. 

§ 201. Advantages and Disadvantages of Gravity Stamps as compared 
with rolls and grinders may be expressed as follows: 

Advantages. 

1. The*y are simple- in de-sign and simple and comparatively ee:onomical in 
operation, not requiring skilled mechanics. 

2. Theey neet only crush fine at one operation, but they successfully combine 
this crushing with amalgamation. They are more sneeeessfeil than any of their 
competitors in the way they brighten the gold for amalgamation. 

3. They are adapted to the treatment of a gre;at variety of ores, and in many 
cases, give better results than any other process. 

4. There is no great loss of power by frictiwi. 

■ 5. A disabled battery may be hung up and repaired without delaying its 
associate. 

Disadvantages. 

1. The.first cost is large and transportation charges are high. 

2. The strains are excessive, necessitating heavy frames and large and expert 
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sive foundations. In consequence, they are cumbersome and require a great 
deal of space. 

3. They are not a positive machine, that is, the power consumed is a constant, 
whether tJie rock i.s broken or not. 

4. There is danger of over-stamping and sliming. 

5. They are not well adapted to dry crushing, because of their small capacity 
when so used. 

These disadvantages an; not so important as th(*y at first appear. The exces¬ 
sive first cost and cost of transportation ap])ear much smaller when based on 
the total amount of ore crushed. Sliming the ore may be avoided to a great 
extent by iiiakiTig suitable adjustments. In some cases it may happen that 
sliming is an advantage. 

In sjute of the frequent attempts to replace stamps by other machines, the 
advatilages of the former so greatly exceed their disadvantages that their con¬ 
tinued use tor gold extraelion is (piite certain, espeeiall\ for hard and free-mill¬ 
ing ores; thougli for some ores other processes ar(> mure suitable. 

BTBLtOGRArUY iUB GRAVITY STAMP.S. 

(toneral articles on gravity staiiqia giving description, eoininents on miming, figures 
on capacity, wear, etc., will be foniul in the books of the follow'ing authors; 

1. Bilharz, O., (IHIUi), ‘•Weeh. Aufbereitung.” Vol. 1., pp. 9U, DU. 

2. Calion, .1., (1880). “Mining,” Vol. 111., p. 38. 

3. Davies, D. C., (1880), "Metal. Min. & Mining,” p. 353. 

4. Davies. K. 11., (18114), ‘‘Mach. Metal. Mines,” jip. 248. 3.50, 370, 388. 

5. Kgleston, T., (1887), “Metallurgy,” Vol. I., pp. 2.5, 1.52, 218. 

0. tlM. (1800), Vol. II.. pp. .300, 422. 

7. F.issler, M., (1800), "Metallurgy Gold,” pp. 23, 74, 8.5, 92, 95, 102, 118, 129, 416, 

023, 029. 

8. Ihid., (1891), “Metiillurgy Silver.” pp. 32, 47, 93. 115, 207. 

9. I'oster. ('. Ia‘ N.. (1894), “Ore and Stone Mining,” p. 548. 

10. Gaetzsehniann, M. K., (1804), “Anfbereitung,” Vol. I., p. 152, 

11. Ibid., ( 1872), Vol. II., p. 631. 

12. Goiqiillieie, llaton de la, (1885), “Kxploitalion des Mines,” Vol. II., p. 701. 

13. Hunt. H.. (1884), “British Mining,” p. 724. 

14. King. Clarenee, (1870), "Geol. Kxp. 40th Tarallel,” Vol. III., pp. 195, 206, 265, 548, 

571. 

15. Kirsehner, L.. (1898), “Erzaiifbereitimg,” Part 1., p. 73. 

16. Kunhardt, W. B., (1893), “Ore Dressing,” p. 40. 

17. I/mkenbaeh, C., (1887), “Aufhereitung der Krze,” p. 35. 

18. Dock. A. (i.. (1882), “Gold," p. 1000. 

19. Louis, II., (1894). “Gold Milling,” pp. 88, 108, 249, 479. 

20. Phillips, J. A., (1887), “Metallurgy,” pp. 701, 773. 

21. Biekard, T. A.. (1897), “Stamp Milling.” (A collection of articles which appeared 

in the Evij. <f Min. dour., by the same author.) 

22. Rittinger, P. R. von, (1867), “An fhereitungskunde,” p. 58. 

23. Ibid., (1870), “Frster Naehtrag,” p. 14 

24. Ibid., (1873), “Zweiter Naehtrag,” p. 3. 

2,5. Rose, T. K., (1894). “Gold,” pp. 90. 99, 184, 435. 

20. Smith, Oherliii, (1890), “Press Working of Metals.” This book gives information 
on punching screens and discusses the question of gauges. 

27, Zirkler, H., (1895), in Ilerg. u. Hiittenwesen des Oberharses, p. 219. Details and 
ea])aeitic8 of stamps at Clausthal. 


28. Am. Inst. Min. Eng,, Vol. I.. (1871), p. 40. R. W. Raymond. Elaborate discussion 

of the weight, speed and height of drop which gives the greatest efficiency in tons 
crushed per horse power. 

29. Ibid., Vol. II.. (1874), p. 159. ,1. M. Adams. Advantages of preliminary fine 

crushing and of hand fe.ding. Details of stamps at Owyhee wet silver mill. 
Disadvantages of inside amalgamation. 

80. Ibid., VI., (1877), p. 470. J. C. F. Randolph. Details of stamps at Clausthal. 
31. Ibid., Vol. vill., (1880), p. 362. R. H. Richards. Some directions for running 
stamps. 
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32. Ibid., Vol. IX., (1880), p. 84. H. S. Miinroe. Biseiission of the efficiency of steam, 

pneumatic, and gravity stamps as effected by the weight, speed, height of drop, 
and area of discharge. 

33. Ibid., p. 420. E. Clark, Jr. Details of stamps with rectangular sterns, with round 

stems and with <ipeii stems at l^rzibram, lloliemia, all using stay battery. 

34. Ibid., p. G4(». T. KglesUm. Causes of failure of gold t») amalgamate in .stamp mill. 

35. Ibid., Vol. X., (1881), p. 87. A. J. Howie, Jr. Details of frame, stamp, mortar, 

etc., at the Father dc Smet mill in the Black Hills. 

36. Ibid., Vol. XI., (1882), p. 20. A. N. Rogers. Discussion of the Colorado and Cali¬ 

fornia systems of stamping. 

37. Ibid., p. 01. W. L. Austin. Details of stamps at Harshaw and (Oiarleston mills, 

Arizona. 

38. Ibid., Vol. Xn.. (1883), p. 370. T. Egleston. Effect of stamping on particles (d goW. 

39. Ibid., Vol. Xlli,, (1884), p. 114. C. A. Stetefeldt. Stumps are comi>arod to Ivrom’s 

rolls with respect to original cost and running cost. 

40. Ibid., Vol. XVJI., (IHSO), p. 408. 11. (). llofmaii. A very full detailed description, 

inelmling dimensiems, of llomestako and oti>er mills in Hlaek Hills. Figures 
on capacity, wear, costs, labor, lo8s<*s, etc., are given, together with details of 
operation. 

41. Omitted. 

42. Ibid., Vol. XX.. (1801), p. 324. II. Louis. Description of a very crude stamping 

ma<’hine used by tlie Ciiinese, 

43. Ibid., Vol. XXJL, (1803), pp. 321, 6.54. J. Douglas. History. Comparisons of 

Colorado ami California systems of stamping. 

44. Vol. XXIjI., (1803), ]>p. 13", .54.5; also Vol. XXIV^., p. 80!). T. A. Rickanl. 
Discussion of Colorado and California systems of stamping, with e<»mparative 
figures on details, capacities, costs, extractions, losses, etc. IJfe of dilFerent 
materials for wearing parts, (’oneentratioii jirevions to stamping. Kffect of 
hammering the gold. Crystallization of stamp stems. Kffect and remedy for 
acid water. 

45. Ibid., Vol. XXIV., (1804), p. 208. E. R. Ahadie. Details of stamps at North 

Star mill. Life of wearing parts. 

46. Ibid., Vol. XXV., (18!15), p. 130. W. S. Morse. Details of .stamps, mortars iind 

plates, for n mill of the Colorado type in Arizona. Wear of screens, shoes and 
dies, (’apiieity and water used. 

47. Ibid., p. 661. H. B. C. Nitze and 11. A. J. VVilkens. History and details of stamps 

of several mills in southeastern part of the United States. 

48. Ibid., p. 006. T. A. Rickard. Details of stamp mills in Black Hills and at Crass 

Valley, Cal., with figures on costs, wear, losses and extraction. 

49. Ibid., Vol. XXVIII., (1898), p. 355. II. Louis. Discussion of etliciency of gravity 

stamp, as shown by Morisoii’s experiments published in N. IJ. Coast Inst. Eng. d 
Ehiidiuildrrs, Vol. XI11., (1897). 

50. Ibid., Vol. XXVIII., (1898), j). 553. W. J. Loring. Description of Htam]>R, with 

adjustments, eaj)acity, power and k'ruUs obtained in the Utica mills, Angels 
Camp, Cal. 

51. Ann. dcs Alines, Series VI., Vol. XIX., (1871), p. 294. A. Henry. Description of 

old types of stamps witli adjustments used. Comparison with rolls. 

62. Ibid., SerioR VJL, Vol. VI., (1874), p. 8. F. L. Burthf‘. Detailed description of 

stamp batteries used in the United States for wet and dry crushing of silver 

ores and adjustments of the same. Figures on power, capacity, wear, etc., are 
given. 

53. Ibid., Series VIII., Vol. IX., (1886), p. 282. A. Thir<^. Theoretical discussion of 

the curves of earns. 

54. Ibid., Vol. XL, (1887), p. 225. A. Thlre. Supplementary note to preceding refer¬ 

ence. 

65. Austr. Inst. Min. Eng., Vol. V., (1808), p. 81. H. Rosales. Table of adjustments 
of stamps in Victr)ria and discussion of the running of n stamp mill. 

56. Ibid., p. 124. W. H. Vale. Discussion of the various adjustments to be used and 

arrangement of stamp mill. 

67. Ibid., p. 218. T. White. Improved buffer for or(* fec'ders. 

68. Berg. w. Hiitt. Jahro., Vol. XXX., 0892), p. 1. J. Habcrraann. Compares the re¬ 

sults obtained by graded crushing and wasning on Frzibram ore with those obtained 
by fine stamping and washing both wdth respect to <* 0 Rt and extraction of metal. 

69. IbUl., p. 14. J. Ilabermann. Results obtained by varying the different adjustments 

in the stamp mills at Przibram. 

60. Berg. u. Hiitt. Ztit., Vol. XXIX., (1870), pp. 233 et seq. A. Reichenecker. De¬ 
scription of parts of California stamp battery in detail with dimensions, wi^ 

notes on running affd results obtained. 
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61. Ibid., Vol. XXXI., (1872), pp. 373, 445. E. Heberli. Detailed description of the 

stamps in the ore dressing works at Falun in Sweden. 

62. Ihtd.. Vol. XXXII., (1873), p. 21. Meinicke. Detailed description of iron stamps 

at Clausthal and coniparison^with the old wooden 8tami>s. 

63. Ibid., Vol. XL., (1881), 101. J, llabermann. Abstract from Oest. Zeit.f Vol. 

XXVIll., p. 325. 

64. Ihul., Vol. XLVI., (1887), p. 437. A. Third. Similar to Ann. dea Mines, Series 

Vlll., Vol. IX., p. 282. 

66. Ibid., Vol. XLVll., (1888), p. 342. Capacity of and sizes produced by stamps at 
Frzibranj Liken from Ocat. Zcit., Vol. XXXVI., p. 220. 

60. Ibid., Vol. XLVlll., (1881)), p. 107. No author. Same as Zvit. D. H. «. S., Vol. 
XXXVI., p. 245. 

07. Ibid., Vol. 1 j., (1H!)1), p. 400. T. Kauft. Description of a screw ta|>j)et and a 
hollow guide lilled with tallow used at the Mount liischof tin minc.H in Tasmania. 
08. Ibid., Vol. Llli., (1H1>4), p. 253. K. Helinliucker. I)csciipti<in of slainp running 
bn llosh system, that is, discharging over uii inclined plane with no screen. Also 
a description and dimensiouH of the parts of a California stamp with figures on 
capacity, j)ower and water. 

69. 7/nV/., Vuf. LVl., ( 1897), p. 340. B. Knnchenhaner. Figures on Ilje dimensions 

and adjuntmciits of California stainj)s with capacity. 

70. Hull. iS'oc. hid. M\n., Series J!., Vol. J., (1872), p. 97. (t. Clerc. History of stamps 

and the practice at that time in various sections of Knroj»e. 

71. Ibid., Scries IJ., Vol. IX., (1880), p. 583. M. F. Coignet. very complete article 

describing the various jiarts of a tJaiifornia battery in detail, and discussing the 
effects of the various adjustments on capacity, etc. Table of dcLiils from sev- 
cial (California mills. (Cost of building and cost of running stamps is given in 
detail. 

72. V(tl. Bull., No. a, (1895). K. B. l*r(‘ston. (IcniTal ailiclc on staiiijiing. 

73. Cal. Rep., Vol. VI., l*art II., (1S8()), p. 88. No author. Weights of parts for 5 

and lO-stainp gold mills. Specilicalioiis for 10 and 20*starnp g<dd and silver 
mills. 

74. Ibid., Vol. VITI., (1888), p. 090. .1. H. Hammond. Description of parts and notes 

on adjustments of stamps. Specifications for a 40-stainp mill. 

76. Can. Mm. Rer., Vol. XIV., (1895). ]». 84. Same as A. /. 1/. E., Vol. XXIII., p. 545. 
70. Ibid., ]• 182. W. S. Morse. Same as .1. /. U. E.. V<»1. XXV., p. 130. 

77. Ibid., Vol. XV., (1890), p. 60. F. Hille. Short discussion on the weight and height 

of drop of stamps. 

78. Ihui.y p. 2 •.). J. B. Holison. fCost of milling in cement gnvel mills. 

79. Ibid., Vol. XVI., (1897), p. 100. J. K. Hardman. Several notes on the construc¬ 

tion and running of a stamp mill. 

80. lh\d., ]). 105. 11. W. De(Court<‘!»ey. Discussion of properties of different metals 

and their applicability for the various j)arts of a staiitp. 

81. CoU. Emj., Vol. XVI., (1895-0), p. 130. No author. Description of the Blanton 

cum. 

82. Ibid., Vol. XVII., (1890-7), pp. 150, 203. H. Van F. Furman. (Joncral article on 

stamps, giving detailed description of parts, adjustments, etc., and com 2 )aring 
(California and (Colorado practice. 

63. Ibid., p. 219. No author. Advantages of soap ns a lubricant for stamp stems. 

84. Ibid., p. 356. Ahstr; et from A. I. M. E., Vol. XXV., p. 900. 

85. Coll Guard., (1873), p. 345. 

86. Ibid., Vol. LXXIV., (1897), p. 890. H. A. Gordon. An outline of the development 

of the modern stamp. 

87. Engincaing, Vol. XXX., (1880), pp. 19, 85, 103, 2.5.5. 338. T. Egleston. A very 

complete article giving {hdailed description and dimensions of the various parts 
of the stamp mill, together with discussion of the best method of running and 
figures on <‘apacity and wear. 

88. Ibid., Vol. XLllI., (1887), p. 128. No author. Short description of a ten-stamp 

battery having an iron frame. 

89. Ibid., Vol. XLVll., (1889), p. 226. No author. Outline of stamp mill of West 

Argentine Gold Oo., having an iron frame battery. 

90. Ibid., Vol. LVI., (1893). No author. Outline and capacity of mill of Orion Co. 

in Transvaal. 

91. Eng. Mag., Vol. XT.. (1896), p. 461. Discussion of development of stamps, and of 

the running of stamps in most economical way. 

92. Ibid., Vol. XV., (1898), p. 401. H. H. Webb and Pope Yeatman. Details of stamp 

mills in South Africa with adjustments, capacity, etc. 

93. Eng. & Min. Jour., Vol. IX., (1870), p. 17. No author. Description of Howland’s 

rotary stamp mill, in which the stamps are arranged in a circle and are lifted 
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32. Ibid., Vol. IX., (1880), p. 84. H. S. Miinroe. Biseiission of the efficiency of steam, 

pneumatic, and gravity stamps as effected by the weight, speed, height of drop, 
and area of discharge. 

33. Ibid., p. 420. E. Clark, Jr. Details of stamps with rectangular sterns, with round 

stems and with <ipeii stems at l^rzibram, lloliemia, all using stay battery. 

34. Ibid., p. G4(». T. KglesUm. Causes of failure of gold t») amalgamate in .stamp mill. 

35. Ibid., Vol. X., (1881), p. 87. A. J. Howie, Jr. Details of frame, stamp, mortar, 

etc., at the Father dc Smet mill in the Black Hills. 

36. Ibid., Vol. XI., (1882), p. 20. A. N. Rogers. Discussion of the Colorado and Cali¬ 

fornia systems of stamping. 

37. Ibid., p. 01. W. L. Austin. Details of stamps at Harshaw and (Oiarleston mills, 

Arizona. 

38. Ibid., Vol. Xn.. (1883), p. 370. T. Egleston. Effect of stamping on particles (d goW. 

39. Ibid., Vol. Xlli,, (1884), p. 114. C. A. Stetefeldt. Stumps are comi>arod to Ivrom’s 

rolls with respect to original cost and running cost. 

40. Ibid., Vol. XVJI., (IHSO), p. 408. 11. (). llofmaii. A very full detailed description, 

inelmling dimensiems, of llomestako and oti>er mills in Hlaek Hills. Figures 
on capacity, wear, costs, labor, lo8s<*s, etc., are given, together with details of 
operation. 

41. Omitted. 

42. Ibid., Vol. XX.. (1801), p. 324. II. Louis. Description of a very crude stamping 

ma<’hine used by tlie Ciiinese, 

43. Ibid., Vol. XXJL, (1803), pp. 321, 6.54. J. Douglas. History. Comparisons of 

Colorado ami California systems of stamping. 

44. Vol. XXIjI., (1803), ]>p. 13", .54.5; also Vol. XXIV^., p. 80!). T. A. Rickanl. 
Discussion of Colorado and California systems of stamping, with e<»mparative 
figures on details, capacities, costs, extractions, losses, etc. IJfe of dilFerent 
materials for wearing parts, (’oneentratioii jirevions to stamping. Kffect of 
hammering the gold. Crystallization of stamp stems. Kffect and remedy for 
acid water. 

45. Ibid., Vol. XXIV., (1804), p. 208. E. R. Ahadie. Details of stamps at North 

Star mill. Life of wearing parts. 

46. Ibid., Vol. XXV., (18!15), p. 130. W. S. Morse. Details of .stamps, mortars iind 

plates, for n mill of the Colorado type in Arizona. Wear of screens, shoes and 
dies, (’apiieity and water used. 

47. Ibid., p. 661. H. B. C. Nitze and 11. A. J. VVilkens. History and details of stamps 

of several mills in southeastern part of the United States. 

48. Ibid., p. 006. T. A. Rickard. Details of stamp mills in Black Hills and at Crass 

Valley, Cal., with figures on costs, wear, losses and extraction. 

49. Ibid., Vol. XXVIII., (1898), p. 355. II. Louis. Discussion of etliciency of gravity 

stamp, as shown by Morisoii’s experiments published in N. IJ. Coast Inst. Eng. d 
Ehiidiuildrrs, Vol. XI11., (1897). 

50. Ibid., Vol. XXVIII., (1898), j). 553. W. J. Loring. Description of Htam]>R, with 

adjustments, eaj)acity, power and k'ruUs obtained in the Utica mills, Angels 
Camp, Cal. 

51. Ann. dcs Alines, Series VI., Vol. XIX., (1871), p. 294. A. Henry. Description of 

old types of stamps witli adjustments used. Comparison with rolls. 

62. Ibid., SerioR VJL, Vol. VI., (1874), p. 8. F. L. Burthf‘. Detailed description of 

stamp batteries used in the United States for wet and dry crushing of silver 

ores and adjustments of the same. Figures on power, capacity, wear, etc., are 
given. 

53. Ibid., Series VIII., Vol. IX., (1886), p. 282. A. Thir<^. Theoretical discussion of 

the curves of earns. 

54. Ibid., Vol. XL, (1887), p. 225. A. Thlre. Supplementary note to preceding refer¬ 

ence. 

65. Austr. Inst. Min. Eng., Vol. V., (1808), p. 81. H. Rosales. Table of adjustments 
of stamps in Victr)ria and discussion of the running of n stamp mill. 

56. Ibid., p. 124. W. H. Vale. Discussion of the various adjustments to be used and 

arrangement of stamp mill. 

67. Ibid., p. 218. T. White. Improved buffer for or(* fec'ders. 

68. Berg. w. Hiitt. Jahro., Vol. XXX., 0892), p. 1. J. Habcrraann. Compares the re¬ 

sults obtained by graded crushing and wasning on Frzibram ore with those obtained 
by fine stamping and washing both wdth respect to <* 0 Rt and extraction of metal. 

69. IbUl., p. 14. J. Ilabermann. Results obtained by varying the different adjustments 

in the stamp mills at Przibram. 

60. Berg. u. Hiitt. Ztit., Vol. XXIX., (1870), pp. 233 et seq. A. Reichenecker. De¬ 
scription of parts of California stamp battery in detail with dimensions, wi^ 

notes on running affd results obtained. 
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128. Ihid.y p. 489. F. M. Drake. Details of the Wentworth Gold Fields Proprietary Co, 

stamps at New South Wales, Australia. Capacity. Wear. Mercury used and 
results obtained. 

129. /feid., j). 505. No author. Comments on the Newton mortar and on the Colorado 

and California systems of milling. 

130. Ihid., p. 511. F. T. Snyder. Description and dimensions of the single discharge 

mortar used at the Newton mill, Colorado. 

131. Jbtd., Vol. ]jlX., (1895), p. 243. T. A. Rickiard. Discussion of the difference in 

adjustments between stamps running under the Colorado system and those running 
under the California syst<*m. 

132. Ihid.y p. 392. No author. Description of Suckling’s double discharge inc)rtttr for 

dry stamping. Mortar is made uir*tight with hoods over the sert'ens and air is 
forced in the top. 

133. Ihid., Vol. LX., (1895), pp. 221, 247. T. A. Kickard. Full details of the stamp 

mills in the Illack Hills district, with comments. 

134. Ibid., j)p. 371, 397. T. A. Kickard. Discussion of the adaptation of stamps to 

dilTerent purpos(;s. 

135. Ibid., j). 4ir>. K. D. Wilson. Di.scussion of the adaptation of stamps for crushing 

j»iej)aratory to diffeient processes. 

13fi. Ibid., Vol. l.Xl., (1890), p, .541. No author. Description of a stamp battery frame 
built u]» of wood ami inm for mule-back transportation. 

137. Ibid, J). 01.5. K. G. Diown. Details of stamps with wear and udjustnionts at 
l»(Mlie. Cal. 

1.38. Ihid., Vol. LXIL, (1890). p. 242. Editor. Condemnation of the use of gauge num¬ 

bers for wire instead of giving the exact size in millimetiTs or iiiehes. Also con- 
dejuns the giuiig of meshes iii8tt‘ad (if the exact size of the hole. 

1.39. Ibid., p. 319. 11. McDonald. Details of stamps at Gibbonsville, Idaho. Costs of 

milling. Kesiilis obtained. 

140. Ibid., p. 410. Editor. Advocating the designation of the sizes of wire in inches 

or millimeters, as the American Steel Maiiufaetuiers^ Association has done. 

141. Ibid., Vol. 3.XVI . (1898), p. 217. F. F. Sharpless. Kecommends making the ends 

of tai)pet kevH of steel. 

142. Genie Gird, Vol. XXIll., (1893), pp. 189, 201. V. F. Chalon. Short description 

of stam})8 and discussion of their applicathm. 

143. Ibid., ’ ol. XXV., (1894), p. 104. D. Ferrand. Figure.s on capacity, w’car and cost, 

showing advantages of California stainjts over Brazilian at Ouro Preto, Brazil. 

144. Inst. Cir Ihitj., Vol. CVllI., (1892), p. 97. A. 11. Curtis. Short description of 

giavi(,\ stamjiM. giving the effect of the various adjiistimuits on capacity. List 
of advantages ami disadvantages. DeHerij)tioii of llarvey's H(.am]) with second 
set of cams for aeeeleraiiiig the fall, of Hope's compound battery witli two rows 
of stamps in one mortar, and of Huntiiigtoii oscillating stamj), in which a heavy 
piece like au inverted U is made to strike first on one ])rong and then on the 
oilier. Dilferent members diseusK quality of crushing, etc. 

145. Ibid., Vol. CXIV., (1892), p. 13(i. M. IJ. Jamieson and J. Howell. Weight and 

drop of stamiis at Broken Hill, New South Wales. 

146. Iron, Vol. If., (1873), p. 5,52. No author. Description of Walker's stamp, which ' 

has double earn, lifting on both sides at once. 

147. Ibid., V(d. XXXVI.. (1890), |). 446. No author. Description Harvey’s high 

speed stamp, vvhich has a set of secondary cams to accelerate the fall of the 
stamps. 

148. Kamteuer Zeit., Vol. X., p. 219. 

149. Min. Ind., Vol. HI., (’.894), p. 309. L Janin, Jr. The various parts and adjust¬ 

ments of a hatt<‘ry i\iv considered in full detail. Various direction.^ for running 
the mill are given. 

150. /bid., Vol. IV.. (1895). p. 319. T. A. Rickard. Discussion of stamp milling in 

different districts of the United States, Australia and New Zealand, including 
variations in costs, wear, weight of stamps, height of drop, depth of discharge, 
screens, etc. 

161. Min. dour., Vol. XLI., (1871), p. 706. No author. Advocating an air exhaust in 

dry stamping. 

162. ibid., Vol. XLTT., (1872), p. 159. No author. Describes a mortar with discharge 

on all four sides. 

163. Ibid., p. 662. Instead of a fine screen, a coarse screen is recommended with a fine 

limiting trommel separate from the stamp. 

164. Jbid.y p. 687. Describes a new stamp. 

155. Ihid., p. 997. No author. Describes Walker’s stamp, which has double cam lifting 
on Doth sides of tappet at once. 



UJSiB d/naoojufvt* 


166. Ihid:, Vol. XLin., (1873), p. 1060. No author. Description of method to prevent 
sliming by washing the fine ore off the die. 

157. lUd., Vol. XUV., (1874), p. 1049. J. T. Rodda. Description of a new form of 
stamp. , 

168. Iftn. Soo. N. Scotia, Vol. I., Part 2, (1892), p. 34. J. E. Hardman. Description 

of Oldham and Waverly mills, giving frame, mortar block, mortar, details of 
stamps, capacity and costs. 

169. Omitted. 

160. Min. d Set. Press, Vol. XUV., (1882), June 24. M. Atwood. Result of micro¬ 

scopic examination of pulp. 

161. Ibid., Vol. XUX., (1884), October 4. Description of an improved battery screen 

whicli is made double. 

162. Ibid., Vol. Lll., (1886), p. 1,57. No author. A few remarks on the height of 

drop, the lieight of discharge, the weights and proporticniK of stamps. 

163. Ibid., p. 238. Ko aiith(»r. Kesulta of tests on light and heavy .stamps and on 

single and douhle discharge. 

164. Ibid., p. 421. Ko author. Weight and height of drop of stamps and sizes of 

screens in mills crushing cement gravel. 

165. Vol. LIll., (1886), p. 181. No author. Costa of milling h}' stamj)8 at 
several minea is compared with the cost h;» Huntington mill. 

166. Ibid., Vol. LV., (1888), p. 18. W. C. Stiles. An article in which tlie disadvantages 

of stamps are set forth, which the author claims to he overcome by the Stiles 
pulverizer. 

167. Ibi(i., p. 246. No author. Discussion of the amount of attrition produced by 

stamps. 

168. Ibid., p. 326. No author. Application of 8tam])8 to soft ores compared to that of 

roller mills. 

169. Ibid., p. 425. No author. Figures showing loss of time in running stamjis. 

170. Ibid., Vol. LIX., (1889), p. 89. W. A, Newcum. Details of .‘^tanllls and dimen¬ 

sions of frames in the Amador mill. 

171. Ibid., p. 128. . No author. Details of stamps, wear, cost, and results obtained at 

Smyth mine in Angels, (.'al. 

172. Ibid., Vol. LX., (1890), p. 169. H. O. Ilofman. Dchcription of Homestake and 

Caledonia mortars taken from A. I. M. K., Vol. XVII.. p. 498. 

173. Ibid., Vol. LXI., (1890), p. 1.58. No author. A device for hanging up stamps. 

174. Ibid., Vol. LXII., (1891), pp. 226. 274, 3.54. A. R. Haul and others. Discussion of 

loss of gold by action of stam]>s. Results of tests. 

175. Ibid., Vol. LXVI., (1893), p. 84. No author. Description of Rally cam. See 

E. & M. d., Vol. LIV., pp. 81. 107. 

176. Ibid., p. 386. No author. Details of stamps in Standard Consolidated mine of 

Rodie, (’ah, with capacity, cost, and results obtaimd. 

177. Ibid., Vol. LXVHf., (1893), p. 83. No author. Weight, and height of drop, size 

of screen, capacity, and cost in a mill stamping cciiu'iit gravel. 

178. Ibid., p. 1.33. J. Thomas. Detaihs of Calihunia stanijis used in Cornwall, and 

their advantages over Cornish stamps in capacity am! coal consumed. 

179. Ibid., p. 193. No author. Description of ball-bearing guides. 

180. Ibid., pp. 214, 229. T. A. Rickard. Rame aa A. I. M. E., Vol. XXIH.. p. 137. 

181. Ibid., p. 202. C. P. Stanford. Story of the first California rotating stamp mill 

with outline of later improvements. 

182. Ibid., p. 405. No author. Note of an old Grass Valley mill, the second constructed 

in California. 

183. Ibid., Vol. LXVITI., (1894), p. 133. Same aa A. /. M. E., Vol. XXIII.. p. 545, 

184. Ibid., p. 145. No author. Description of iron frame battery made by Union Iron 

Works. 

185. Ibid., p. 209. No author. Comparative results obtained from California and Col* 

orado systems of milling. 

186. Ibid., p. 260. A. R. Paul. Discussion of California and Colorado systems, includ* 

ing weights of stomps and losses. 

187. Ibid., pp. 278, 294, 809. Same as A. 1. M, E., Vol. XXUl, p. 545. 

188. Ibid., p. 325, No author. Description of Blanton earn. 

189. Ibid., Vol. liXlX., (1894), p. 215. No author. Description of mortar made by E. 

P. Allis Co. for the Morning mill. Single discharge with front and back plates. 

190. Ibid., p. 241. No author. Details of stamps in Eureka Hill mill. 

191. Ibid., Vol. LXX., (1895), p. 376. F. S. Pheby. Discussion of various forms of 

battery fi ames. 

192. Ibid., Vol. LXXf., (1896), pp. 320 ci scq. E. B. Preston. Same as Oal Bull., Jfo. B, 

193. p. 357. No author. Table showing variation of sizes of needle gauge for 

screen boles, as given by different authorities. ' • 
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194. Ibid., Vol. LXXII., (1996), j). 186. No author. Description of Heliance self-tighten¬ 

ing cam, which is very similar to the Dlanton cam. 

195. Ibid., Vol. I.XXIII., (1896), p, 378. C. C. Longridge. Discussion of probable future 

development of stamps. 

196. Ibid., p. 443. No author. Description of the triple discharge two-stamp mill made 

by Joshua Hendy Maoliinc Works. 

197. Ibid., Vol. LXXIV, (1897), p. 5. J. W. Abbott. Discussion of best practice in 

running a stainj) mill in regard to height of drop, height of discharge, materia! 
of shoes and dies, etc. 

198. Ibid., p. 49. Wuscott. Comparative capacity of slow and rapid drop stamps in 

Cilpin (’ounty, (Jolo., and remarks on tlie tendency toward the latter. 

199. Ibid., p. l.'ill. Newell i. Newell. Advantages of fast over slow drop stamps in 

capacity and amalgamation at the Penn mill, Gilpin County, Colo. 

200. Ibid., p. 30.'). II. A. Parker. Description of a false shoe which may be put in to 

lestorc the weight of the stamp as the true shoe wears. It has a shank above 
to lit into the boss ami a socket below for the shank of the true shoe. 

201. Ibid., Vol. JjXXV., (1897), p. 45. No author. Illustration and advantages of differ¬ 

ent forms of battery frames. 

202. Ibid., p. 505. No author. Description and dimensions of a concrete mortar block 

at Orovjlle, (bl. 

203. Ibid., Vol. DXXVTL, (1898), p. 160. No author. Description of the Globe iron 

guide for stamp stems. 

204. N. E. Voa.'it hint. Enif. d- N'hiphMiWrr.s, Vol. XIII., April 30, 1897. D. H. Morison. 

Description of stamp battery. Discussion of indicator cards taken to sliow veloci¬ 
ties of stamp. 

205. Eorfh Eiuj. lii.st. Slin. d il/vJf. Eni}.. Vol. XDIIT., (1893-4), p. 3. A. G. Charleton. 

Details of stamps in various parts of tlie world. 

206. OcNf. Zeit., Vol. XXll., (1874), p. 385. J. Jlabermann. Details, capacity, etc., of 

stamps at Przibram. 

207. Ibid., Vol. XXVllL. (1880), pp. 32.'5, 335. J. llnberinann. liesiilts of comparative 

tests at Przibrairi on iron and wooden stariips. 

208. Ibid., Vol. XXXVI.. (1888), p. 168. \j. Puehal. A few details of stamps at Przibram 

and sizing tests of pulp. 

209. Ibid., p. 229. K. von Keytt. Result of experiments made to determine the efficiency 

of .st.unps expressed in terms of increase of surface of product. 

210. Ibid., p. 450. C. RarJi. A few ligures comparing stamps and ndls. 

211. Ibid, p. 5(17. L. Ruchal. Description of rope driver for stamps at Przibram and 

advaiita^es over belt drivers. 

212. Ibid., Vol. XXXVI1.. (1889), pp. 5.53, 569, 578. Translation of article by John H. 

Hammond in (’al. Ecp., Vol. Vlll., p. 696. 

213. Ibid., Vol. XXXIX.. (1891), p. 519. A. llaussncr. Mathematical discussion of the 

form of curv-es lor cams used for lifting. 

214. Ibid., Vol. XIjJI., (1894), p. 48.5. J. von Hauer. Description of the Blanton cam. 

215. i*rod. Hold and (S'l^Pcr i/i U. S., (1880), p. 350. W. A. Skidmore. Description of 

lluntington^s oscillating stamp mil). 

216. Ibut., p. 367. J. Ilicliards. Discussion of advantages of stamps over rolls and dis¬ 

integrators. Wet vvr:ius dry stamping. 

217. Ibid., (1881), p. 563, C. G. Yale. Description of Huntington oscillating stamp 

mill. 

218. Ibid., p. 592. J. Richards. Stamps arc compared with other crushers. 

219. Ibid., (1882), p. 709. (From Min, Jour.> Description of stamps invented by C. J. 

Appleby. 

220. Ibid., p. 737. (From Min. d 8ci. Press.) Figures on the amount ofVater used in 

battery. 

221. Ibid., (1883), p. 738. C. A. Stetefeldt. Similar to A. I. M. E., Vol. XIII., p. 114. 

222. Raymond's Rep., (1870), p. 657. W. P. Blake. Detailed dt‘scription of the parts of 

a stamp battery and of the battery as a whole. Howland’s stamp battery (see E, 
d M. Vol. TX., p. 17). Details of several stamp mills in California, Australia 
and Brazil. Description of German overflow battery and Rittinger stay battery. 

223. /bid., (1871), p. 339. A. Reichenecker. Same as B. d H. Z., Vol. XXIX., p. 233. 

224. Ibid., p. 380. R. W. Raymond. Same as A. I. M. E,, Vo^ I., p. 40. 

225. Ibid., (1872), p. 32. R. W. Raymond. Description of Crocker’s stamps which act 

like a triphammer. 

226. Ibid., (1873), p. 319. Q. P. Deetken. Detailed description of the various parts of 

a stamp battery with the method of operating and costs. 

227. Ibid., p. 345. W. Main, Jr. Discussion of the influence of the velocity of impact 

on the effective duty of stamps. 
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228. Jm., p. 476. R. W. Raymond. Description of ^Vol U^'p. 169. 

IIS- wi: Tmel’/p. «9. i R. itr- tClrton-of sta.nps and roils with respect 

Thi'b V'l ™" •" 

crate the fall. nss^ S41 n 359. K. D. Browninp. A few details of 

232. EcK Mines Quart., Vol. y-. mill, Nevada City. Cal. 

stamps, wear, ^nd wst at the Pn n (j,.,,eral aitiele pivinp details of 

233. Tenth V. S. Census, Vol. XIU.. F- 

stamps throughout the United (18771 p 242. No author. Hesults 

234. Zeit. Berg. Huff. „f cast ton.’wrought iron east steel, and 

.. 

- '“SBrL^r-. ssrr’iJ s 

237. mZv'orXXVni.. (1880), p. 210 . C. Hosier. Short deseription 

238. /hiSym Xxix., (1881), p. 270. No author. Advantage of round over four-sided 

239. /hid^fvoh XXXVI., (1888), p. 245. No author. A lew details of a sta.u,, mill at 

Tarnowitz. 


irnii Htiunps, 
on capacity, 

• f stamps in 



, CHAPTER VI. 

rULVERIZERS OTHER THAN GRAVITY STAMPS. 


§ 202. iNTRoni CTORY.— In treating this subject, the author has described 
in the main, machines that are received as standard, but he has also added some 
of lliose that are not so received. The former are given to show present practice, 
the latter as information to inventors and others desiring to know what such 
and such a machine is like. The line is drawn in nearly every case at machines 
wliich have been adopted for r longer or shorter time in some mill. The Patent 
Office records contain descriptions of many other machines not included in this 
chapter. 

§ 203. Purpose. —There are two chief purposes for which these machines have 
been designed: (o), to replaee gravity stamps for crushing gold ores or jig mid¬ 
dlings and (b), for grinding soft substances, as phosphates, cement, gypsum, 
tale, etc. 

In comparing the different fine pulverizers there are several qualities that 
need io be considered; they arc: Ca])acity, cost of crushing, the brightening of 
gold prejiaratory to anialgamation, ability to act as an amalgamator and tend¬ 
ency to form slimes. 'J'he gravity stamps appear to stand at the head of the 
list for all cases except wluire the production of large quantities of slimes must 
be avoided. Machines acting on the roller principle, by pressure mainly, make 
less sliiiK’s than the others, particularly if tliey have a free discharge. 

7'tio distribuiion of the machines in the gold quartz mills of California for 
the years 1895 and 1896 was as follows:* Gravity stamps were used in 551 
cstahlishments; Arraistras, in 108; Huntington mills, in 43; roller quartz mills, 
in 4; Tualin pulverizers, in 4; Bryan mills, in 3; Cannon ball mills (ball mills), 
in 3; Griffin mills, in 3; Dodge pulverizers, in 2 and Kinkead mills, in 2; total, 
723. This list indicates how far, in the State of California, fine pulverizers 
have succeeded in replacing gravity stamps. 

For grinding softer materials, as phosphates, cement clinker, etc., the fine 
pulverizers are standard, (he gravity stamps not being used for these purposes. 

§ 204. Clasrie^cation. —The machines have been arranged in groups or 
classes (see Table 136), according to their mode of attack upon the rock, of 
which there are four chief principles: (1) abrading or true grinding, (2) pres¬ 
sure, (3) blow upon an anvil, (4) blow in space; and also according to their 
construction. 

In this classification, under the column headed “Run,” five states are dis¬ 
tinguished: (1) “Dry,” that is, dry or only very slightly moist, as mine ore; 
(2) “Thick pulp,” that is, pulp that will adhere to a stick, as in amalgamating 
pans; (3) “Thin pulp,” that is, liquid pulp like cream, which runs readily, as 
in an arrastra; (4) “In water,” that is, as in a stamp mill; (6) “With water,” 
that is, with a stream of water, as in rolls._ 
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TABLE 136. —CLASSIFICATION OF PULVERIZERS. 

Uachines marked with an asterink, thiia,* are described luiei iu tiie text. 

Abbreviations.—Cont,=contlnuou8; In.ssinch; Int.=iutennlttent; L,=:lart:e size; ijtz.ssquartz; 8.s=8rnaU 



(a) Combination of emery, cement and buhrstone. (b) Cast iron with furrows of wood. 
Class III. 


Verticalcoitcentrlcgrlnd- Iron. Any state. 

Oont. 480 of ce- 

60 

ine surfaces. Horizon- 

ment. 


tal driving shaft. 



Same as preceding...... (b) Any state. 

“ 4 to 60 of 

8-‘.J5 


rook. 



1 inch tu Inch. - 


hard rock from 
^ in. to 60 mesh 


(a) This mill is described In the text with tiie Rock emery mill under Class II. (b) Emery, cement and 
buhrstone. 


Concentric grinding sur- 

Iron. 

Any state. 

Cont 

165 of cc^l. 

8 

faces nearly vortical 
Vertical drivins^shaft 
Same as p^'sceding. 

Iron. 

Usually dr; 

“ 


8 


stances, as obal, 
from6in.toUiiu 
'inegrindingofore 
from ^ In. to M 
mesh. 






























§ 204 P VL VEBUSERa dT&ER ^AlT QSA VITt STAMPS. 


TABLE 136. —CLASSIFICATION OF PULVERIZERS.— Continued. 

Machint^fl marked with an BBterisk, thtis,* ana described later in the text. 


Machine. 

I 

Principle. 

Material of 
Crushing 
Surface. 

1 

Run. 

Continuous 

or 

Intermittent. 

Capacity 

ber 

24 Hours. 
Tons. 

i 

Horse Power 
Used. 

Uses Designed for* 

Class V. 

Nicholas p u 1 - 
▼erizer. 

Oylindor with horizontal 
axis, which grinds by 
revolving in lower half 
of a stationary cylin¬ 
drical trough. 

Iron. 

In water. 

Cont. 

0 of tin ore. 

m 

In Cornwall, for 
fine grincUng of 
ini<ldlings from 
5U to 100 mesh. 


Clas ; VI. 


Helierii mill.* 

V«*rticai occvntno grind- 

Iron, 

Usually Cont. 

4 to 13 wf| 

3«-8 

Grinding middlings 


ing HurfacfiS Horizon- 


with wi’.terj 

middlings 

from ^ inch to 


tal shaft. 

1 

1 


JO inch. 


Class VII. 


Bogardua e <; 

Horizontal « c c o n 5 r i c 

Iron. 


Any slate. 

Cont. 

7 to 17 or 


Grinding soft sub- 

centi'ic mill.* 

grinding Kurtao<“s. 




soft sub- 


1 stances, us fertU- 


Vertical shaft. 





Biunccs. 


izer, bones, etc., 
from ^ in. to OO 
mush. 

Cunnack's pul- 

Horizontal eccentric 

Iron. 


In water. 


"of tin ore 


Fiu<^ grinding mid- 

V erizer. 

grinding surfaces, ono 
of which is n si.ation- 






1 dlings from 50 to 
100 mesh. 


ary {Min Vortical Hlmri. 








Dingey mill..,. 

Like procfiling, except 
pan slowly revolves. 
DifPors from Cnnnack’s,! 
in that pan rovo]vc.H 

Iron. 

Iron. 


Ill water. 

Ill water. 


ii3 of mid¬ 
dlings. 

12 of quartz 

8-13 

Grinding middlings 
fix>m flsin. toj^^in. 
Substitute for 
stamp mill. 

Butter’s pjih'nt 
grinding ai' i 


1 


amalgauiat- 

fast, <lrlvlng the other 







iug pan. 
Neuerborg'h 
wet mill. 

discs by friction. 

Iron. 


With W’Uter 




Similar to Bo- 
giinlus. 







Class VIII. 


Brllckner ball 
mill.* 

Cylinder revolving onl 
horizontal axis, cnti-| 
taining balls which act' 
by gravity. j 

Iron. 

Dry or with 
water. 

1 

Cont, 

H to Si 

(h)G-8 

B'lne grinding of 
Bof t muU'rials, as 
cements, clays, 
etc., fn>m in. 

to KX) mesh. 

Grtison ball 
mill.' 

Same as preceding......j 

Iron. 

Dry or with 
water. 


(al 1 to 13 

54-11 

Sameas preceding. 

Jenisch ball 
mill.* 

Other ball mills 
and tube mills 
mode by va¬ 
rious firms. 

Same as prei’oiltng. 

Same as prec iding. 

Iron. 

Iron. 

Dry or with 
water. 

Dry or with 
water. 


6 to 83 of ore 

j 3-14 

Same os preceding. 

Same as preceding. 

i 

! 

Dodge improv¬ 
ed pulveri/er.* 

Same as precodin ;. 

Iron and 
quartz. 

Dr^ or with 
water. 


10 t-o 60 of 
ore. 

5-10 

Substitute tor 
stamp mill. 

iKDwe'smill.... 

Same as pr'ceding.i 

Iron. 

With water 


U to 18 of 
ore. 

5 to C of tin 
ore. 

10 

Sameas preceding. 

Michell & Treg- 
oning pulver- 

S.imo a”, preceding, ex¬ 
cept uses scrap iron in-, 
stead of balls. i 

Iron. 

In water. 

1 

“ 


Grinding middlin^ps 
from 60 mesh to 
100 mesh. 

Bartle pulver¬ 
izer. i 

Same as preceding. 

Iron. 

In water. 


0 of tin ore. 

8 

Same as preceding. 


(o) Of chrome iron ore. (6) For 8-21 tons capacity. 
Class IX. 


Tustln's rotat¬ 
ing pulveriz¬ 
ing mill.* 

Similar to Grllson, but 
uses rollers instead of 
balls. 

Iron. 

Dry or with 

water. 

Gout. 

Uo24ofore 

15<-1« 

Substitute foi 
stamp mill. 

Niagara crush¬ 
er and pul¬ 
verizer. 

Similar to Ttiatin, except 
roller is weighted by a 
spring. 

Iron. 

Dry. 


34 to 48 of: 
ore. 

e-is 

Fine cruabing ol 
ore from 1 BUd 
to 100 mesh* 
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TABLE 136. —CLASSIFICATION OF pulvebizeus.— Coniinued. 

Machines marked with ati asterisk, thus,* are described later in the text. 


1 

Machine. 

Principle. 

Material of 
Crushing 
Surface. 

Bun. 

Continuous 
or 1 

Intermittent.j 

Capacity 1 
per 

34 Hours. 
Tons. 

Horse Power; 
Used. 

Lises Desigucx) for. 



Class X. 





Clean up bar¬ 
rel ♦ 

Cylinder revolving on 

1 horizontal axis con¬ 
taining balls which act 
by gravity. 

Iron. 

In water. 

Int. 


i 

triiiKling battery 
re.sKl uos, 
fniin 1.4 inch to 
(!() mesh. 

Alaing cylin¬ 
der.* 

Same as preceding. 

( 0 ) 

Dry. 


talc. 

2(1 

I-’ine grinding of 
talc, etc., from 30 
mesh to puwiler. 


(a; Flint pebbles. Foreolalti lining. 


Frisbee Lucop Cylinder with die ring, 
mill.* having horizontAi axis, 

in which revolve rollers 
driven by arms and 
crushing by centrifu¬ 
gal force. 

Waring pulver- Similar to preceding, ex- 
ator. cept that it uses balls 

instead of rollers. 

Planet pulver Similar to preceding, ex- 
izing mill. cept ball is driven by 

tw'o revolving discs. 

Lion mill.Similar to preceding.... 

Cyclops mill... Similar to preceding.... 

Thompson's Similar to preceding.... 
pulverizer. 


Irou. 

Dry or with 
water. 

Cont. 

12 to 24 of 
quartz. | 

H 18 Grinding phos- 
phale, to 00 

nr sh and as sub- 
sMUite for stamp 
null on gold ores. 

Iron, 

Same. 

** 

.i 

in. to 00 mesh. 

Iron. 

Same. 

1 “ 

i3C of phos¬ 
phate. 

10 Same ns preceding 




4ft to 73 


Iron. 

With water 

“ 

5-42 of <»tz 

3-16 |Same as preceding 

Iron. 

Dry or with 
water. 


J5-6U of ore 

4 10 iSamu as preceding 



Griffin centrifu-Similar to Frisbee Lucop Iron. Dry or with Cont. IHO of cop- 
gnl stamp except rollers are cor- water. per matte 

mill,* nigated and, hence, 

I strike a blow. 


80 Grinding ore from 
J 14 iii- to ^ in. 
and tuicr. 


Class XIII. 


American ball 
pulverizer. 

I.*ambertonmill; 

Morey & Sper¬ 
ry pulverizer. 

Crawford mill. 

PfeilTer's hori¬ 
zontal ball 
mill. 

Morel & Hairs 
ball mill. 


Horizontal stationary Iron. 

E an, around which 
alia are driven by re¬ 
volving cover. 

'Same as preceding. Iron. 

similar to preceding, ex- Iron, 
cept balls are driven 
by under disc. 

Same as prrt*ediag. Iron. 

Similar to preceding, ex- Iron, 
cept balls are driven 
by radial arms. 

Same os preening.. Irou. 


24 lo T2 of 4-40 GritKling oresfrom 
(I'lurtz. ^ in. to 60 meslt. 

.. .Same as preceding 

24 1.0 .‘iO of t v-15 Same as preceding 
quartz. 

10 of quartz !2 Same as preceding 
7 of cement 10-13 Same as preceding 


. Same as preceding 



Jordan's oen-Pan keye^’t.* a slightly Iron, 
t r i f u g a 1 Inclitied shaft, around 
grinder and which balls roll, due to 
amaimmator rotation of f^aft. 

EInkeM's ball Similar to jirec^ing, cx- Ires. 
milL ' cept that the shaft 
gyrates at Its foot. 



ISame as preceding 


Same as preceding 
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TABLE 136.—CLASSIFICATION OF PULVEHIZEK8.— Cofiiinued. 


Machines marked with an asterisk, thtis,* are described later in the text. 


Machine. 

Principle. 

3Iaterial of 
Crushing j 
Surface. 

Run. 1 

w ti 

3 B 

ij 

■SSi 

5 1 

Capacity 

Ver 

IM Hours 
Tons. 

Horse Power 
Used. 

Uses Designed for. 



Class XV. 





Edge runner*.. 

[cylindrical rollers re- 

Iron. 

Dry or in 

Cont. 

H to IB of 

1 o r. 

[usually for fine 

! volving on tiunzontal 
axis and gyrating in a 

1 {)an. 

Some¬ 

times 

stone. 

water. 

1 

Some¬ 

times 

Int. 

ore. 

90 of 1 
quartzite. 

1 

f. 

1 grinding ^ in. to 
40 mesh. 

Bryan roller 
quartz nuU * 

Same as preceding. 

Iron. 

In water. 

i 

Cont. 

12 to 35 of! 
ore. 

5-10 

Substitute for 
stump mill. 

Langley’s im¬ 
proved dry 

Same as preceding...... 

Iron. 

.Same. 

“ 

72 of ore. j 

8-10 

CruRliiug ores from 
l^iu. to 75 mesh. 

crusher.* 







Merrall’s mill.. 

Same as preceding. 

Iron. 

Same. 

** 

54 of ore. 


Crushing ore from 
^ in. to 60 mesh. 

Wiswell elec¬ 
tric ore pul- 

Sttiiie a,s preceding.' 

Iron. 

Same. 


13 to 48 of 
ore. 


Substitute for 
stamp mill. 

Tenzer. 








Hanctin’s mill. 

Same as preceding. 

Iron. 

Dry. 

** 

53 of ceme’t 

6 

For grinding ce¬ 
ment. 

Wood’s mill... 

Same as printeding. 

Iron. 

In water. 




For grinding ore 
from H inch to 
&) mesh. 

C o m p 0 u n <1 
edge stone. 

Same ns preceding. 

Iron. 

Dry or with 
'valer. 


74 to 96 of 
cement. 

35-40 

Same as preceding 


Clarr XVI. 


Bchranz mill*. ,Conical rollers revolving Iron. With water 

on flxe<i axm nearly 
lK*rlzontal with nwolv- 
1 lugclisc boneuth. 

;Cont. 1 

38 of mid- 
; dhugs. 

i Crushing middlings 

1 from 16 mui. to 

2 mm. 

Clarb XVTL 

Kinkeadmill*..*!’an containing muller Iron. In water, 

keyed to gyrating shaft 

Lightnermlll [same as preceding. Iron. Same. 

Coat. 

1 16 of ore. 

2 For gold ores and 
rnluiilings, from 
^ in. tx> 40 mesh. 


CbA.Hs xvni. 


Hu n tin gtoil Die ring w'th vortical 
centrifugal axis, insido of which 
^ roller mill.* are nilh*n5 wliich re¬ 

volve around central 
shaft and ri-rate on 
vertical axo.s by fric¬ 
tion and crush by cen¬ 
trifugal force. 

Iron. 

In water. 

Cont. 

12 to 25 of 
ore. 

4-8 

Substitute for 
stamp mill and 

1 for middlings 

1 or usher. 

I 

Howland mill 
No. 1. 

Similar to precedluk, ex- 
1 cept that rollers are 
driven by a revolving] 
under d^c. 1 

Iron. 

Same 


12 to 24 of 
ore. 

12-15 

Substitute for 
stamp mill. 

Narod pulver¬ 
izer.* 

Similar tu Huntington... 

1 

Iron. 

Dry or in 
water. 


24 to 90 of 
ore. 

15-20 

Same as preceding 

propfe min.... 

Similar to Huntington, 

1 but has rollers on two 
levels. 

Iron. 

Dry. 


10 to 15 of 
coal. 

8-9 

For grinding coal 
to 40 nie-sh. 

Friedeberg mill 
Tregoning pul¬ 
verizer. 

Similar to Huntington... 

Iron. 

Same. 

“ 

5-8 of coal. 

4-5 

Same as preceding 

Similar to Huntington, 

1 except T'dlers are cor- 
1 ngated and strike a 

1 blow. 

Iron. 

In water. 


8 of tin ore. 

IM 

For fine grinding of 
ore. 


Class XIX. 

Qriffln roUerlsimilar to Huntington, Iron. Dry or in Cont. 30 to 60 of 15-25 Substitute for 
mill.* I except that roller Is water. quartz. stamp mill. 

I rotated by a pulley. 
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TABF.E 130. —CLASSIFICATION OF PULVERIZERS.— Concluded. 
Madiinea marked with an aRtcrisk, thus,* are deKcribe<i later in the text. 


o 1 Capacity 
per 

•3 ® S 24 Hours, 
e « Tons, i 


Uses Designed tor. 


Carr dimiite* | niaeliiiu* hav- 

grator horizontal 

Bnnk&Httb-t sliafts and two sets . 1^ 

ner <»«inte-j „f r.-volvinK 

grator. in opposite dir«*ctionR 

i chamber. 

dlsiut grair* I ) 

Stnrtevant Same as preceding. Irou. Dry. 

mill.* 

Cyclone pulver-Same as preceding. Iron. Dry. 

izor.* 

Leviathan pul-Same as preceding. Iron. Dry. 

verizer. 

Melhe’s pulver- Same as preceding. Iron. Dry. 

izer. 

Jordan's pul-Same as preceding. Iron. Dry. 

verizer. 


''BOf? of KfintllfK 

‘ HubfttaticeR. as 

! j coal, to ,V inch; 

8 . SO of G 7 d{f?ga^*’from^9 

dhnK,’. 

18 to 700 of 30-75 Crushing ore from 
ore. 4 In. to 20 mesh. 

5 to 13 of 9^-17 Finogrindi'gofsoft 

ore. mineralMfrom 

^ In, to 100 mesh, 
.Same as preceding 

...Same os preceding 

.Same as prweding 


Class XXT. 

Whelploy & Impactmaclilnewitli(»ne Iron. Dry. Cont. IHofore. 15 (Irindingoresfrora 

Btorer pul* horizontal shaft and ^ lu. to 100mesh, 

verizer.* several sots of beHtt>rs 
revolving In a chamber. 

Raymond auto-Same us preceding. Iron. Dry. “ 2^to20 .Urinding soft ma- 

matio pulver- l^rials to powder. 

Walker pulver-Same as preceding, with Iron. Dry, “ 3r)of quartz.Grinding from ^ 

ixer. but one set of beaters in. to lUO mesh. 

Ryerson pul-Same as preceding. Iron. Dry. 7,200 bush .Grinding soft ma- 

verizer wheat terial, as wheat, 

to tltmr. 


Class XXI1. 


“ S c h 1 e u d er- 
mUhle." 

Impact machine with ho¬ 
rizontal diHC revolving 
; r a p i <11 y on vertical 
; shaft. l^rowK ore ra- 
’ dialiv outward. 

Iron. 

Dry. 

(^oni. 

1 

14 of ore. 

5 

Grinding ores from 
in. to 12 mesh. 

Vapart disinte 

Same us preceding. 

Iron. 

Dry. 


10 to 2.5 of 
st)ft ores 

^ 4-18 

Same as preceding 

Griflln pulver- 

Same as preceding. 

Iron. 

Dry. 


24 to 72 of 
ore 

16-20 

Same as preceding 

Whelpley & 
Btorer whirl- 

Same au preceding. 

Iron. 

I>ry. 


200 of ore. 

WH 

Grinds ore from 4 
inches to 14 inch. 








Grinds ore from 
14 in. to UK) mesh. 

Progressive 

Same as preceding. 

Iron. 

Dry. 




“ fi 0 1 z 0 u • 
mtlhle.'* 

Same as preceding...... 

Iron. 

Dry. 




Grinds ore from ^ 
in, to 100 mesh. 

Magic crusher. 

Impact, machine, where 
ore is struck by pro- 
lections on rarduly re- 

Iron. 

1 

Dry. 

H 



F r i able material, 
from 12 inch to 
sand. 


volvmg horiz<jntal diRC. 








Class XXIII. 

Pneumatic pul-Impat (i machiae, In Ore. Dry. Cont. 

verizer. which two streams of 

ore meet tn a chamber. 

[7 to 10 of 
ore. 

! 

! j 

klruahes ore from 
! in. to 100 mesh 

- fr- .-_ 





fa) Boiler buma 0.29 to 0.42 tons of coal to cnisb 7 to 10 tons of ore. 
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Olassop r. to V. arc ponecntric in their action and act u|)on the true grinding 
principle only, (llasses 1. and II. have vertical axes; 111. and IV. have hor¬ 
izontal. The fornior arc used for very tine grinding and are able to do such 
work hceuuse the partieic.s cannot tumble away from the surfaces as soon as the 
first break lakes jdace. The latter do not grind so finely h(;eau.se the particles 
can drop out when ])artly broken. The wear, when hard rock is ground, is high, 
and since they are employed for very fine grinding their capacity per horse 
power is necessarily low. These, as well as the other machines that crush by 
grinding, if run dry, have greater tendency to heat than tlie machines which 
crush by j)ressure. 

Class(>K A'I. and VII. have eccentric grinding surfaces and they, therefore, 
have no tendency to wear in grooves, which is an advantage. The remarks 
upon eojieenlric grinders in other re.s])ects are c()unlly apjilieable here. 

Olas.s A^III. includes the true ball mills and they act by pressure, by grinding 
and by blows. 

(Hass l.V. includes machines which resemdde those of Class VIII., hut they 
act by ])ressure only. The effect of the heavy rollers with free discharge, is to 
decrease wear and the tejideiicy to muki' slimes. 

Class X. K presents the parent form of ball mills and the intermittent method 
of action mak(>s the maehinc.s of this class extremely fine grinders. They are 
simjile and are good amalgamators and are used for very tine grinding where 
smalt cajiacity is not objectionable. 

t'la.ss .\1. inelmh's roller and hall mills using jiressure mainly, with or with¬ 
out grinding. Class XII. acts by bh)W only. Clas.s XIII. acts by jiressure, and 
to a less evient l)y grinding. Classes XL, XII. and XIIJ. have not met with 
wide adoption on account of complicated purls. 

Class XI\'. Uses both pressure and grinding. The inclined shaft is a dis¬ 
advantage. 

Cdass .\V. arts mainly by grinding and to a less extent by pressure. Class. 
XA^l. i.s like I lass XV. in action c.xeepl that the conical rollers enable it to act 
wholly by jiressure. Classes XV. and XVI. have been very successful for moder¬ 
ately fine work. 

Class XVII. aet.i hy pressure only on the fine grains, but it introduces a slight 
grinding action while breaking the coarse lumps. 

Classes XA^Ill. and XIX. arc the vertical roller mills and they act almost 
wholly by pre.ssuro. They have been the chief rivals of the California stamp 
mill. 

Clas.ses XX., XXI.. XXII. and XXIII. all break the rock by striking a blow in 
space. They have found favor only on soft material because of the high cost 
of power and wear when crushing hard substances. Several of these mills are 
used for very fine grinding. 

AunASTua on Drag-stone Mill. 

§ 205,—This mill consists of u circular pavement from 6 to 20 feet in diame¬ 
ter with a retaining wall around it and a stop in the center. Upon the stop 
stands a vertical revolving spindle or shaft, and from the spindle extend hori¬ 
zontal arras to which large boulders, called drag-stones, are attached by chains. 
The honldcrs are dragged around the circle by the arms and crush the ore by a 
true grinding action. 

The arms number from two to eight, usually four. The drag-stones vary 
form two to twelve, commonly four; they weigh from 80 to 2,000 pounds, aver¬ 
age about 300 pounds. Holes are drilled in the stones and plugged with dry 
wood and the eye rings are driven into these plugs. They are placed so that 
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§ 205 

the stone shall slide on its largest plane surface and forward of the center of 
gravity so that tlie front edge of the stone may be lifted so as to ride over the 
coarsest of the ore during the early stage of grinding. 

To jirevent leakage of ([uicksilver the ])aveinent js built upon a clay or con¬ 
crete foundation which is always wnder than the pavenunt. 'J'he latter is about 
1 foot thick of granite, basalt, or flinty quarti!, a rough grained rock being pre¬ 
ferred. 'J'he joints arc tilled with tine tailings, nr belter, with cenient. The 
retaining wall, 2 to 4 feet high, is made of stones laid in cement, of wooden 
staves bound with iron hoops, or is merely a (day hank. It has a gat(' or a series 
of jdug holes for discharging the pulp and sonielinies screen discharges for 
continuous work. 

The s[)e(‘d is 4 to 18 revolutions per minute, usually 10 to It for power 
arrastras. Small arrastras are driv('n by a horse or mule attlached to an ex¬ 
tension of one of the arms, the animal walking around the cinde. Largo 
arrastras are driven by a horizontal water wheid, suspended from cross arms 
Reparaf(> from the dragging anus and extending outside the retaining wall, or 
they are driven by a shaft with bevehal g(>ars. One long shaft may in this 
way connect s(“veral arrastras with a single driving engine. 



It is u.sed as a fine grinder and amalgamator with both gold and silver ores, 
and is fed with material sddorn above ] inch in diameter, often nundi below. It 
is us('d where cheajuu'ss, both of installation and of running, is essential and at 
the same time, small capacity is not obj('ctioriahle, for example, in regions re¬ 
mote from .supplies. It is often used for re-treating tailings of gold mills, 
chiefly by lessees. 

At Guanaxuato, f.fexico, mule power arrastras 13 feet in diameter, eadi treat 
600 to 1,'100 pound.s of silver and gold ore per charge, taking 34 hours and using 
230 to 299 gallons of W'atcr. At Zacatecas, a charge of 1,000 pounds of silver 
ore is treated in 13 hours; at San Dimas, 1,500 pounds in three days at a cost 
of $1 to $1.40 pc'r ton.'' A twelve-foot power arrastra can treat two charge.? of 
2 tons-each in 24 hours.*" At Smartville and Mooney Flat, Nevada Gounty, 
California, arrastras 12 feet in diameter, making 14 revolutions per minute, 
with steam power, grind 7 tons per charge, and the time of treatment is 1 hour; 
co.st, 8 cents per ton. Louis* gives 0 horse power requirral for a 12-f<)ot arrastra, 
making 12 revolutions p^ minute and treating 6 tons in 24 hour,?. 

Mill 81, visited by the author, consists of four arrastras which grind the tail¬ 
ings from Mills 65, 73 and 74. Theai> arrastras (s('o Fig. 158), cou,sist of a 
pavement A, 2 feet thick, built of stones and cement with an underlying bed" of 
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clay, G inches thick. The inside diameter is 12 feet; in the center is a step B of 
oak timber, ])rojectin;' one foot above tlie paveTiient to reedve tlie centra] shaft. 
Around the pavement is built a cemented stone wall C 2 feet thiclc, -1 feet high 
and 2 feet above the pavement. Upon the center step stands a rough, vertieal 
shaft or s|)indlo D of pine wood, 2 feet in diameter, 8 feet high, with a toe of 
6-ineh diaiiKder round iron at tlie lower end to support it in the step, and an 
extension of 2 feet above the top, of d-inch round iron to act as th(‘ tofi journal. 
This upper journal runs in a wooden bearing bolted to the side of a horizontal 
round timber E. which is 16 inches in diameter, 32 feet long, strongly supported 
and braced at tlie ends. Four timlicrs E, (>XS inches, ]iass liorizontally through 
the vertical shaft, the top of each being 1 foot above that of its jiredecessor and 
one-eighth of the cireli in advance of it, and furnish eight arms, each of 12^ 
feet radius, for the support of the water wheel. At the end of each arm are sus¬ 
pended two vertical timbers (1. 2X() inches, su])]iorting a horizontal ini])act water 
wheel, 24 feet inside diameter. 'I'he buckets are jdaced between two I'ims /. 8 
inches aiiarl ; each rim is made of two tliickncsses of I-incli board S inches wide 
which by breakitig joints, maintains the circular form. The buckets 11 are 8 
inciies (iei']) and are made of tao ]iaris. the np))cr making To“ witli th(' hori¬ 
zontal, sloping lowai'd the water jet ; the lower, 30° with the horizonfat and about 
right angles to the ji't of water. The jet of water, not shown in the llgure, is 5 
inches wide, 10 inches de(‘p, and slojaxs 45°, with a head of 12 to Iti fed.. The 
speed is 12 to 14 revolutions jier minute. 

Four drag stones ,1, weighing from a ton down, are attached by chain.s to the 
horizontal arms and the length of tlu' stonc.s is so placed with reference to the 
radius that one .stone eauscs an outward current while anotlu'r causes an inward 
current. 'J'hu stones last from one to three months, according to their size, 
(ieiiernlly, two new and two old stones an' run together. The jiavemeiit, 2 feet 
thick, las.s 4 months. 

Thu charge for each arrastra is estimated to bn -IJ to 5 ton.s. The feed sand 
is tailings w' ich have passed llirough screens with ().()3()-inch (O.K) mm.) round 
holes, bringing water enough to liipiifv the pul]). 'I’lie treatment lasts twenty- 
four hours and tlu' sand is mostly ground to fine mud. 

Coni|mting the iiower from the flow of water, and as.suming the cirieiency of 
the water wheel to he Wfo* and that of the jet 10(1%, thn ])ower acinaily used 
would be from 5.25 to 8.1 horse power. Three men per 21 hours arc required 
to run the four arra.stras. For further particulars see Mill 81 in (hiapter XX. 

A sinall arrastra is used in Mill 58 as clean up p.in and is further described 
under that head. 


Amalqamatino Pans. 

§206. The modern combination ja n (see Figs. 159a-161?;), has been de- 
vclojicd along the lines indicated in the early patents of 1855 to 1875. It is a 
flat bottomed pan with an iron cone in the center, with high sides nearly or 
quite vertical, and in it a horizontal, annular disc, called a mullcr, is revolved. 

It has three important duties to perform: it grinds the ore, it furnishes iron 
for the chemical ri'actions of the process, and it mixes the mercury with the ore 
in order that amalgamation may follow. Some high aiithoritie.s, among whom 
is M. P. Po.ss, claim that the reduction in size should be completed before the 
ore is fed to the ])an and that the pan should not be used as a grinder except 
in rare instances. 

The mixing or circulation of the pulp is the most important feature in the 
operation. Ujion it depend all the others. 'I’wo kinds of circulation are required 

* WeUbacb; ''Hydnultca**' p. 848. 
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FIG. 159a. — PLAN OF FHASEU & CllALMEUS COArBINATlON PAN 




FIG. 159&. —SECTION A B. 
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in a pan: the whirling of the pulp around in a circle, due to the rotation of the 
muller. This is simply and easily done. Secondly, a circulation which causes 
the pulp to flow outward from the center at the bottom, then to ri.se up the 
side.s, next to return toward the center at the top and finally to full down to 
the bottom to start over again, making a complete and continuous mixing up and 
overturning of the whole j)ul]). 'I'his circulation has been accomplished by the 
perfection of the design of the pan. 

S07. 'run Foundatio.v Frame, Pan Bottom ANn Ce.nteae Conk.— Flaeh 
pan has four feet A, (Fig. ir>li>.) d'hese are bolted to two long tiTubers B 
running under the whole row of pans; these tindiers are su))ported by two posts 
under each pan, which in turn stand upon sills below. Ch'os.s bans notched into 
the ])osts support the boxes or bearings (' (Fig. Kilft.) Each of these l)oxes has 
three parts: a step for the vertical shaft, a bearing for the gear end of its own 
horizontal shaft and another for the pulley (>nd of its neighbor’s shaft. 'I’he 
Boss pan (see Fig. KiOc), substitutes two cross caps at ea< h jian for the two long 
tindiers and iwes four posts instead of two. It also has a (litferent style of box 
to allow the use of one long horizontal shaft for the whole row of i)ans. 



FIO. ISOc.—PAN nOTTOM. FT<i. ISOfl.—SHOE. 


The pan bottom (Fig. l-bile and T), Fig. M>^h) is a cast iron disc sn])ported on 
the four fi'et. At one side is the discharge spout B, (Idg. I.'itt/O, with an orifice 
about ,3 inches in diameter. 'I'his is plieed as low as possible to drain off all 
the mercury. At the Lyon mill, Dayton, Nevada,““ this sjjout was found to wear 
nut much faster Hum the (lan bottom. 'Phi'y therefore, used a larger nipple, in 
which WTiS driven an oak bushing to take the wear. When thi'-- wore out it was 
repdaced at little expense. An amalgam well may be attached to the spout if the 
mercury is to be R'ftled in the pan, othcrwi.se the pulp is run directly into the 
settler. Settling mercury in the pan is now practically obsolete. 

The bottom supports the sides F (Fig. 159b), the dies (1. and the central cone 
E. The central cone is in two parts; the cylindrical part above, carrying the 
bearing for the vertical shaft, and the conical part below, to prevent a stagnant 
center. These two parts are generally cast in one piece. The union between 
the base of the cone and the pan bottom is usually made by flange and bolts; 
the two are, however, sometimes cast in one piece. A sleeve is sometimes used 
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FIO. —SKCTION OF UNtO!^ IRON WORKS COMBINATION PAN. 


to protect tlie cent nil rone. At the Lyon mill, this was 1 inch thick and 36 
inches hiph. 

Ill the piui iniule by the Union Jroll Works, jirolection is eiven by a false cone, 
not shown in Kii^. liilif, which at its hase tills the s])ace inside the die ring. It 
is held in position hy cement whicli is poured hetween it and the central cone. 
For details of the pan bottom and central cone, see Table 137. 


TABl.K 137. - nKl’An.,S OF FAN, I’AN BOTTOM AND CENTRAI. CONE. 

Abhn‘viatit>iis.' (J. V.=0<)inbmatif>i pan; lu.rrinclies; Lh.-rpoumis. 


MIK or 


A P AlIHCo., C.P.. 

Bona pan. 

Praaer i’.' Chalmera, C, P.. 
RJftdon Imn Works, (J. P.. 
Union Tron Works, C. P... 
0. P., I.yon . 


Junction of Cone 
and lli/ttoin. 


i o' 

g 0)^ . 

Sfsr 

Q 


. 

('aat t.oRether (a)... 
l}olted,H«e 

Bolted. 

Bolted,Fig,161« 
BolUtd with gasketj 


In. 

20 

ao 

IH 

24 

15 


Inside Di¬ 
ameter of 
the Ring. 

Depth of 
Pan. 

Revolu¬ 
tions per 
Minute. 

Weight of 
Charge. 

Inside Di¬ 
ameter of 
Pan. 

Weight of 
Pan. 

.2f5o 

VOO 

= a 

|l 

In. 

In. 


Tons. 

In. 

Pountlh. 

Dh. 

Lb. 

r«4 

40 

05-7.5 


6tl 

(J..500 

4;5 

2,000 

in 

40 

75 


<12^ 

9,300 



r>9 

40 

75 


im^ 

(fc) 

8-’6 

1,85G 


30-86 

76 

m 

(50 

6,500 to 8,000 

1,800 


(C) 

42 

75 


00 

8,488 

0.51) 

^,135 

61 

55 


2-3 

(55 



..... 







1 


(alBfS' Fig. 180a. (6) H.OOO^MUids with attiam buttoni; 7,000 pounds without. 


56^ inches ut the bottom, (d) With steam bottom. 

§ 208. The Steam Jacket and Steam 1’ife. 


(c) 58^ inches at the top; 

These are devices for heat- 
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ing the contents of the pan to aid the chemical reactions needed for amalgama¬ 
tion. Tlio former is a space to be filled with steam. It is sonietiiiu's made by 
bolting a steam tight annular disc 7, (Fig. IGla), on the bottom, furnishiug a 
steam space between the two, or it is made by dropping a conical lining over 
the cone inside the ])an. The steam space is then bci.wecm these two coin's. Still 
a third method is that adopted in the Boss ])an (Fig. IGOa), which has the pan 
bottom and conical lining cast in one, and slipped over the permanent cone, and 
the disc steam cover below; this gives a steam jacket to both the botlom and the 
cone. 

In case live steam is preferred to a steam Jacket for heating the pulp, a 
vertical steam pijie is arranged at one side to deliver dry steam within 5 nr G 
inches of the bottom of the pan. A chamber and drip cock must be placed to 
dry the steam just before it is admitted. 

The steam Jacket may or may not be used. The advantage of the steam Jacket 
is that the heat of the exhaust steam from the engine may lie saved and the dilu¬ 
tion of the pulp prevented. The advantage of the steam jiipe is that it heats 
the palp quickly. The disadvantages arc that it is more costly since ]>uro steam 
must be used, . s oil in the exhaust steam would hinder amalgamation, and sec¬ 
ondly it is liable to liquify the pulp too much. Both methods were in use in 
the mills visited by the author. Mill 82 used steam Jacketed inner cone, bottom 
not Jacketed, and live steam in the pulp. Mills 83 and 81 used steam jacketed 
bottom and live steam in pulp. 

§209. Sides, Flange, King, Lining and Covers. —The sides F (Fig. 159&) 
are generally made of wooden staves 2^ to 3 inches thick. They rest on the 
bottom and are held together by two or three hoops J (Fig. ISiVi). The com¬ 
monest form of hoo]! is ij-inch round rods with the ends passing through rod 
binder blocks K (Fig. 159a), and with nuts to take up alack. Mill 82 has 
hoo))s of 2JX j-inch flat iron riveted. Boiler iron is sometimes used for the sides. 
In this case the bottom Joint is caulked with some form of packing. Small pans 
have bottom, sides and cone all east in one piece. 

Outside, around the bottom, and cast with it, is a flange L (Fig. 1595), to 
hold the staves in place and gir i a water tight Joint. Between this and the 
staves, packing may be caulked. Inside the staves is a ring ilf (Fig. 1595), 
which may or may not be cast with the bottom. This ring sup))orts the staves, 
takes the wear and furnishes iron for the chemical reactions, and. if se]mratfi, 
may be replaced before the bottom is worn out. The details of the ring arc given 
in Table 138. 


TABLE 138.— BINGS. 


MP’ or Works. 


Mill «2. 

Mill 83. 

MIU 84. 

Lyon rain. 

K. P. Allis Co. 

M. P. Boss... 

Fraser & ChalintTB 
Bisrton Iron Works. 
Union Iron Works. 


Height of 


Inches. 

10 

7 

7 
10 

6 

8 
8 
6 

16 


Weight of 

Rinpa. 


Pounds. 


830 

400 

644 


ThicknoHs of Rings. 


Cast on Bottom or 
Kttparste. 


Inches. 

at‘parate. 

1 Soparate. 

IK Separate. 

2 Separate. 

Separate. 

'S**piirate. 

Separate. 

, .Cast on bottom. 

|<>4 at top, % at t)Ottom.'Separate and in halves 


At the Lyon mBL a lining of 1-inch boards, 24 inchoK long wa.s used to take 
the wear off the staves. 

Pans are jirovided with covers N (Fig. 1596), of ca4 iron, wrought iron or 
wood w’hich are in halves for ease of removing. They serve to keep in the heat 
and steam. They have boles with lesser covers 0 for feeding, sampling and 
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inspecting or one-half the large cover may he removed at the time of feeding. 
The weight of the cover as given by the Union Iron Works is 315 pounds. 

§210. iliKS (big. and 0 , Fig. 1.')!)5), are flat pii'ces of iron w'hieh are 
laid around the botiom of the pan in such a way as to form an annular ring. A 
space is usually left between them which acts us a cluninel for the outward flow 
of the pulp. These channels are usually oblique to the radii. 

The die.s are made of chilled iron and may be dovetailed separately to the bot¬ 
tom as in Figs, 15!)5 and IbOe. or Ibey may lie easi in a single anjiular ring with 
channels bidvveen the dies as in Fhgs. IGOa and l(50e, or llnally, a single die ring 
without any chaniuds is used a.s in b'igs. lOIa and 1015. This i.s eitlier cement(?d 
in, or lield by dovdails to the ])an bottoms, or in lugs on it and in the pan. 
When! no channels arc used in the dies, those in IIk' shoes are depended upon 
wholly for feeding the ore to the grinding .■surfaces. 'I'be .single die ring, w'hether 
with or without cbannels, saves much lime in changing dies over the independ¬ 
ent di(!s, and to some evtent protects the bottom against cutting and solution, 
especially win n cemented in. 

Then! ar(> two dcjiressions in the botlom of the pan which may or may not 
need treatment to prevent formation of pools of mercury. They are the annular 
spurea inside the inner di(' circle and outside the outer one. The Union Iron 
Work.s (Fig. IGlft), get rid of the inner one by bringing the cmitral cone down 
to the dies, and the outer by driving in a pavement of wooden blocks with grain 
on end flush with tlu' top of the' dies, fl’he E. 1’, Allis f’o. run in cement to All 
holli spaces flu.sli with the die top.s. Fraser & Uliulniers (Fig. 151)5), leave the 
two spaces unfilled claiming tliat a projierly run jian need not he troubled by 
pools of mereury. 

The removal of the worn-out dii's is effecled by a bar. Tliu details of the 
various forms of dies are given in Table 131). 


TABLE 139.—DTKS. 
Abbr^vhitlona.—DtiK ss<b> 4 jr<‘i*s; Lb .-^iKiunds. 


Works. 

1 

O 

$m \ 

% vi 

la 

I.', 

i 

! 

! 

■"Tm- 

o 

VO 

so 

a> 

l| 

i2“ 

Design of Dies. 

I>lanie> 
ti*r of 
IiiMde 
Die : 
Circle. 

Diame 

terof 

Outside 

Die 

tTirch'. 

1 

Angle 

of 

Bevi'l 

of 

Edges 

Depth 

of 

Chan- ! 
nels. ' 

1 

Horizon¬ 

tal 

Witilh of 
Channels 

Diameter of 
Circle to 
which 
Front Edge 
of C’haunel 
l.s Tang<‘nfc. 



Lb.i 

lDCh<‘S. 


Indies. 

Indies. 

Deg 

Indues ' 



E. V . AlHs Co. 

8 

U4(l; 

l!4 

Separate dies. 



90 


in) VA 

(MO 

M. P. Boss. 

8 


jai 

('iianneiefi ring.... 

80 

51 

DO 

1 

2 

(ei 24 

Fraser & Chalmers. 



114 

Separate dies. 

21 

53 

90 

NolH'. 



Risdon Iron Works.. 


()im 


Channeled ring.,.. 

30 

5J 

45 

lli 


(r) H to 10 

Union Iron Works.. 

! 1 

1 j 

713 

1-4 

jSobd ring.... 

27(4 

hUA 

None. 

None 

None. 

None. 


(a) At tho periphery, (b) The ch.Ar.tifls arc mdial. (f)Tliose (•haniicls nn- ontuanl channels; each clmn- 
nelhastwo round rod pieces, ^ im*h iii dj.un<'ter,oa L in to stn^nfctheu ihe ciisLiiiK for slnppm^ (see Fip. iCOr) 
(d) Thtfle dies iii position make a soliu aunulur nug with lu chanunls iu it whatever (seo Fig. 150rf). (c) These 
cbannelB are inward channels. 

§ 211. Wings, Mollee, Shoes and Pulp Cueuent.— The wings ar(> deflectors, 
f? (Figs. IGlft and 1(515), generally four in iinmlier, .sliaped somewhat like inverted 
plough shares. They are bolted or dovetailed upon the sides of the pan near 
the top of the pulp and deflect the revolving current foward the center of the 
pan. At the Lyon mill, five vertical strips, 3X1X30 inches, were tacked upon 
the wooden linings and w'ere .said to give good results. 

The muller or muller plate S (Fig. 1595), is an annular disc of ea.st iron. It 
serves to convey the power to the shoes or upper grinding parts. Formerly w'hen 
grinding in the pan was the rule, tlu! shoes (Fig 159a and 7 ' Fig. 1595), were 
invariably attached to the muller by wedging dovetails (see Figs 159a-]6l5), 
which were tightened by the action of the shoes on the dies. This method was 
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nocossary on account of the frequent renewals needed. More recently where 
grinding is not used the shoes and iriuller are often cast all in one piece, the 
shoes are oblique seclors of eirele.s that is, tlieir edges are oblique to the radii. 
Table MO shows the details of miilter and shoes in the different style.s of pans. 

TABLE 140.—MULLEK AND SHOES. 

Abbreviiitions.—r)cB.=deKr<!es; Iu.=inclte.s; Lb. pouufe _ 



F F I H 



S3 3S 
^ : 

° li 

SSI 

epH ;Occ . 
pS S3 i 


Mill 84. 

Lyon mill. 

E. r. AHiB O. 

M. P. Boaa. 

Fraeor & ChalnierK. 
Rladon Iron Works 
Union Iron Works. 


..jOast. 


.. DoveLnilf^d. 52 

.. l)ovetalIe<l. 49 

.. Dovetailed 52 

..Dovetailed. 

.. i>ovetailod. 51 


2^ 


52 24i:y7. 
5i M : 
54>^ 81 I 


407 

C(K) 2 


.Wide. 

. {l>) 

(ftl708 

...... 4}^ 

tWl (c) 
22.5 2^ 

(aiTSO 2 


ifi I With Kiiiiler ift) 3 itiuhes at the inner end, 6 inches at the outer, (cj 4 inches at the inner end, 9H inches 
at tS^uuSr. ‘(d) Spf?al dm™ S -fie eWnele have the outer end in advance o£ the Inner end. 

The pulp current is chiefly generated at the bottom of the pan. The two main 
causes w-hieh affect the current are the centrifugal force due to the revolution of 
the mutter, and oblique slioo and die eliaiiiicls. Slioe and die eliannels are thus 
defined; Outward eliannels fur slioes are tliose iu whieli Itie nin(‘r end ot the 
revolving channel is in advance of the outer, that is, it would strike a siationary 
radial arm before the outer, while outward die channels are those in wlueli a 
revolving radial arm would strike the inner end of the ehaniiel in advanee of 
the outer. In inward channels for both shoes and dies the obliquity to the 
radius is the reverse of what it is in outward. The action of oblique ehannels 
is like that of a plow which in outward channels throws the pulji outward and in 
inward channels throws it inward. Since the action of the die channels is miich 
weaker than that of the shoe channels and they furnish disadvantageous settling 
basins for holding mercury, they are frequently omitted. 'J’he eontral cone occu¬ 
pies the Biiaee where the centrifugal force would be weak, and which would other¬ 
wise be occupied with a sluggish ma,=s of pulp. Obviously the larger the cone 
the le-^B will the stagnant center hinder the .action of the. centrifugal force. Ihe 
thiclmeiis of the pulp affects the current by its vi,sco.sity, the thicker the pulp 
the slower the current will be and the greater the power required. 

There are two classes of mills; those which work with thin pulp and those 
with thick. The design of the pans has to be made to suit the class of mill 
in which they are to be employed. The mills using ihick pulp have narrow, 
cones outward channels in shoes and likewise in dies ii die channels are used. 
Here the sluggishness due to the narrow cone requires thick pulp to support the 
mercury, and the thick pulp requires that the centrifugal force be supplemented 
by outward shoo channels. The mills using thin pulp employ wide central cones 
in order to obtain the needed activity of pulp. Here the activity derived froni 
thin pulp and wide cone is so great that an outward channel can be used to dam 
back the outward curiynt in i.he channels due to centrifugal forec, whieh then 
oveiflf.wB its banks and finds its outlet between the shoe and die and gives a 
unifiji-r. outward current acting all around the circle, instead of mainly i n th e 
channels a.s is the case in the thick pulp pans. This uniform outward oum^t 
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sweops the quicksilver more thoroughly from the bottom, and consequently carries 
more in sus])cnsion. The particles of ([uicksilver being smaller and more numer¬ 
ous, it is claimed that the contact of quicksilver and 
pulp is better, the amalgamatioji is more quickly per¬ 
formed and the loss of quicksilver is less. The pans 
of AI. 1’. Ross (Figs. IGOa-lUOf), of the Union Iron 
Works (Figs. l(ilo-lC16), and of the Eisdon Iron 
Works, are designed with wide c(mtnil cones and in¬ 
ward shoe channehs. d’ho K. E. Allis pan has inward 
shoe channels with narrow central cone, d'lio Fraser 
& (Iialmera jian (Figs, l.'ilkt-l.'ittc), has outward chan¬ 
nels and narrow central cone. The designs of dies 
are quite variable. Boss m-es outward die channels. 
Ei.sdon uses inward die chamu'ls. Allis uses radial 
die channels. The Union Iron Works and Fraser & 
tHialmers have no die channels. 

g 212. SmnisK, Diiivnn a.md (t.vp, UunincATioN and 
(lUiNniNCi.—'I’he spider U (Fig. 15!)?;), by wliich mo¬ 
tion is imjiarted to the nniller is in the form of a 
cone aliove, divided into legs bdow, the spaces be¬ 
tween whi( h allow the inward-flowing pulp current to 
pass. It is usually cast in one piece with the mul- 
ier. lletwetm thi.s spider and the central cone an an¬ 
nular space 4 inchi's wide, more or less, is left. At 
the up])er end of the sjiider is the driver V (Fig. 
150/;), which is either cast in one piece with 
it or more commonly bolted to it. This has in 
it a long hearing for +he vertical shaft, on one' side of which is a keyway 
making a loose fit with a feather on the shaft. This guarantees that the muller 
shall revolve with the latter, but allows it to bo raised and lowered at will. It 
is so raised and lowered by a hand wheel W (Fig. 1.5!)?;), and a screw threaded 
into the cap X which is usually flanged and bolted to the top of the driver. 
This screw h(‘ars on the top of the central shaft Z. Tlie screw has a second 
hand wheel }’ upon it i-erving as a lock nut to maintain the muller at any desired 
height. Weights of ihc.so pieces arc given in Table 111. 



Fia. 1(!2.- DONAIHil.'iS 

PATHNT OILING 
DICVICIi. 


TABLE 111.— WEIGHTS OE SPIDER AND DRIVING CONE. 



Spider. 

Driving Cona 

y. P AIUb Po...,. 

PoUDdS. 

rounds. 

350 

561 

226 

270 

Fraaer & Chalmt'ru. 

266 






The usual method of lubricating the central shaft is to put the oil in a cup- 
shaped cavity in the top of the cap, from a hole in the bottom of which it trickles 
down the length of the shaft. P. J. Donahue has devised a special arrange¬ 
ment, shown in Fig. 102, for lubricating the central co' e bearing by a cup in 
the upper end of the shaft and a conducting tube in the same, by which he has 
made a saving in the wear on the babbitt, the expenditure of oil and the loss of 
quicksilver. 

The grinding takes place when the shoes are lowered upon the dies. As each 
shoe channel filled with pulp passes over the die surface, it smears that surface 
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with ore; the shoo inimodiately following grinds tho ore so smeared. The die 
channels when used act upon the shoe surface in the same way. Add to this 
the fact that the pulp i.s circulating, always bringing in new' ore particles, and 
we have the conditions which establish tiic pan as a high quantity, line, wet 
grinder. 

VuiiTicAr, ANfD lIonizoNfTAn Shafts.— The vertical shaft Z (Fig. 
ISili), stands in the center, revolves in a step below and a bearing in the top of 
the c<'ntral coiu'. It receives ]iower from a horizontal shaft hv a hevch'd gear 
below. The horizontal shaft of the combination pan is mounted below the pan 
and has two hearings, one beneath its own, the other beneath the adjacent pan 
(see Fig. ^T)Ub). It receives power from a line shaft below by a slaek belt and 
tightener to make and break the eonueelioii. For a set of lloss pans one con¬ 
tinuous shaft is used and tlic indivuliial pans are eoniiecled with the power by 
friction clutches on the driving jnnions (see Fig. lliOd), llierehy ellecting tho 
saving of one long line of shafting. 

gyi-t. lisK.s AiNi) .Me'I'iuii) OF IVoHKiNO.— 'I’lic pail IS uscd for the amal- 
ganiatioii of silver ores with or without preliminary grinding. When grinding 
is used it redueevs slainp slutf of dO or -10 mesh down to 100 mesh or less. Tho 

sizes of the stamp seremis in the mills visited are given in 'Pahle 112. Of the 

size of ground |uil[) no ineasiires havi' been nnukc 'I'lie pructieal test is as to its 
feeling between the tliunib and finger; tiie grit should he nearly gone. 

There are three mill jiroci'sses which emjiloy [lans: The Washoe jirocoss in 
which the pan grinds and amalgamates pul]) after wet stamping; the Heeso Kiver 
process in which the jian amalgamates slulT which has been dry stumped and 

roasted with salt, and the t'oniijination process, in which tlic' jiaii amalgamates 

with or without preiious grinding, the tailings uf vaiiiiers treating pulp from 
stamps aud amalgamating ])lat(‘s. 


TAliLE 112.—SIZE OF STEFF TREATED BY FANS. 
Abbreviations.—B. W. 0.=Blrminf;ham WiroOaupe. 


Mill 

No. 

Mt'shos per 
Linear Inch 

Wire. 

B. w. a. 

Net Size of 
Holes. 

Pan Work. 

H'i 

80 

29 

luehcfl. 

.02 

AmalKamatine onlv. 


8.^ 

80 

.0160 

Grindiu}; and anialifumaUng. 

H4 

40 

82 

,010 

Amal^uniutiug only. 


There are two methods of working: (o) Intermittent or tank system. (6) 
Continuous or Boss system. 

(a) In the intermittent system the muller is raised to clear the shoos and dies 
§ to ^ inch, then it is started and water and ore are fed alternately, until the 
whole ore charge has been fed and the pulp is so thick as to support the mer¬ 
cury well and yet thin enough to flow. The consisteney desired will depend 
upon the de.“ign and speed of the pan and must be learned by experience. If 
the charge is to be ground, the muller is now lowered to bring the shoes and 
dies into hearing. The charge is now heated up by Jacket or direct steam, or 
both, to about 18''°r. (.'oe Table 1-13), and maintained at that temperature 
throughout the gnnding and amalgamating. At the Lyon milF“ the pan was 
healed to a poiiE juti bearable to the hand as higher heat was found to volatilize 
mercury. W. 0. Dodd considers tliat heating is unnecessary and that a normal 
temperature (GO to 70°F.) is preferable to any other. The grinding, if used, 
continue.s from J hour to 4 hours (,sce I'ablc 143). 

When the ore is sufliciently ground the muller is raised, mercury is added; 
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amalgamation continues 4 to 8 hours. The pulp is then diluted and run into 
the settler, and the next charge is added. 

Table 14:j gives the routine of amalgamation as practiced at the three com¬ 
bination mills. .The action of the chemicals will not be discussed here as it 
belongs ratlier to metallurgy than to ore dressing. 


TABLE 143.—METHOD OF KUNNINO 5-FOOT PANS IN COMBINATION MILLS. 
AbbreviatiOQB.—F. = Kfthrenheit; hrs =:hours; ln.=mches; lbK.=poundB; tnm.-rinimj{e.s; oz :=<)unce8. 


and height of pan. 

Hovoluiioiis jH*r ti»mutu. ^. 

Ore clmrKO. 

Heatini;. 

Salt adtled . 

Sulphuricaci'l added.. 

Sulpliate of copper added. 

Fmc wi^JUj'ht iron hiirii-Ks added.. 

CouceiitnUed lye udtled. 

Mercury added . 

Cyanide of pola.‘>siuni adiied. 

SlaVod Iiino added . 

Total tuntiof pnnduiK. 

Total tunc of .'UiiaJjjruniatmi^. 

Total time of di>ichar^:niK . 

Total tune of charp*. 

Fharffcs i)or tJl hours. 

Nutnher of i>ans . 

Half the puns charp'd. 

Number of settlors. 

('loan up. 


Mill 82. 


At Stan. 
At Starr. 
At start 
At start. 
At start 


5 and 3 ft. 
(K 

1 ton. 

70 lbs. 

2 lbs. 

2 lbs. 


U 

4 hours. 

4 hours. 

0 

24 

15very2hrs, 

12 


|| Mill 83, II 


6 aud 8 ft. 

75 

tVi ton. 
16«®tol80“F 
100 llw 
to 2 lbs. 
to 2 lbs 
to 2 lbs. 

2 to 3 oz. 

80 to 125 lbs 

At Start. 

At start. 
At start. 
At start. 
At start. 
At start. 
After 3 hrs 




3 hours. 
DhfUirs, 

8 hours. 

3 

24 

Kvery 4 hrs 
12 

2 a mouth. 









At start, 
after .‘{0 mill 
iulter 45 nun 


after 2^hrs 
At start. 
After .5 hrs, 


Ift.andSSin. 
75 
ton. 
180® F. 
fiOlba 
yilh. 

2 lbs. 


tin ibH. 

u 

fiU hours. 
>4 hour. 
C noma. 
4 
20 


10 

1 a month. 


(a) 30 miuutoH to KOt hut. 


(li) 'I’l e lloss svstem pl.Tces the pans and setilevs in .t series all on the same 
The pulp, much thinner iliiin in the tank system, is fed to tlie first, of the 
series mid thiws eontimiouslv from oiu' to another tliroiigli eonneeting i)i])es near 
the toyi. h'ig. tide also shows ])i])es near the liottom, hut those are seldom u.sed. 
The earlier pain of the series do the grinding, being usually of special design, the 
later do the’amalgamation, and the .settlers reeover the amalgam. 

5} 215. PowKii, M’hah and Lo.ssiw of Ikon and Misitcmn'.—The power for 
driving a pan 5 feet in diameter, as estimated by mills and manufacturers, is 
given in Table 114. 


TABLE 144.— IIOIiSE POWER NEEDED FOR DRIVING PANS 5 FEET IN DIAMETER. 



For Grind¬ 
ing. 

For Amal- 
guinatinK. 



5 


6 

4 


6 

8 


10 

6 


5 






The wear as given by Egleston“ for Comstock mills is as follows: Brunswick 
mill shoes and dies, 30 days; Eureka mill shoes and dies, 30 days; Stewart’s 
mill shoes and dies, 3 to 4 months; Nederland mill shoes and dies, 5 months; 
average practice the whole pan, 3 years. 

The wear as given by Austin^^ at the Harshaw mill using the Boss system with 
S shoes and dies to a set for one pan, the weight of a set being 1,504 pounds, 
was as follows: No. 1 pan, shoes and dies last 13 to 18 days; No. 2. pan, shoes 
and dies last 13 to 18 days; No. 5 pan, shoes and die.s last 18 months. 

The loss of iron®" varies from one-fifth of a pound when the ore is free, poor 
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and not ground, up to 35 pounds where the ore is base, rich and roasted. The 
loss of iron when free ores alone arc ground'is from G to 10 pounds of iron per 
ton of ore for wear and chemical action. 

In regard to mercury used,'’® 100 pounds or more of mercury j)cr ton of ore 
appear to be sulKcicnt for the process and the loss of mercury is from | to 3 
pounds of mercury per ton of ore treated; 1| pounds is a reasonabk! loss. 

§ 316. Cost of Pan Ajialoamation. —Assuming that a pan treats six charges 
of one ton each in 31 hours (a), the various items of cost estimated from differ¬ 
ent sources are as follows; 


Power .—4 horse power (h) at 13 cents (c) per 34 hours. 8.G67 cents per ton 
Labor (d )—4 ])<ui men at .i!!.00—,$1(1.00 per 31 hours 
3 pan helpers at $3.00=,$G.00 “ “ “ 

10 tank men at $3.00=:,$30.00 “ “ “ 


Total for 34 pans=$53.00 “ “ “ 

Total ])er pan= $3.1G7 “ “ or 3G.113 “ 

Chemicals (c) —70 jamnds of salt per ton at J cent ](er 

pound .35.000 “ 

3 pounds of sulphuric acid ))er ton at 3 

cents per‘pound. 4.000 “ 

3 ])oun(is of copper sulphate per ton at 

3.75 cents per pound. 7.500 “ 

Loss of Mercury. —pounds (f) at 50 cents per pound.75.000 
Wear. —Pan weighs 4 tons (g) costs $400.00 (y) and 

lasts 3 years (i) or 3,000 tons (f).30.000 “ 

Shoes, dies, etc., 10 pounds (f) per ton at 4 cemts per 

pound .40.000 “ 

Oil, Interest, Superintendence, etc. (t).lO.OOO “ 


(k 




U 


iC 


u 


cc 




a 


u 


u 


U 


ii 4 < 


Total 


33G.37!) “ “ 

of $3.3G per ton. 


{n>From Mill ft2 of Tahlo 143. (ft) Average entlmalod from Table 144. (r) From Kent's “Mech. Eng. 
Pooketbook," p. 790. (rf) From Mill 82. (e) Amounta from Mill 82; prices from current reports. (/; Taken 
from Tenth U. S. Census.*® (p) Taken from catalogues, (i) Estimatcii. 


Clean Up Pan. 

§217. The clean up pan (see Figs. 163 and 164), is a small sized pan in 
which the sides, bottom and central cone arc commonly all made in one casting, 
the bottom b(!ing very thick to take the wear. To the revolving spider or driving 
cone are screwed hard w'ood blocks (.‘•ee Fig. 163), which are well adapted to give 
the gentle trituration, the special need for which will be refiTred to later. A 
replaceable die ring is sometimes u.sed as in Fig. 164. As the charge does not 
rise above ihe rauller no attempt to obtain a systematic pulp current is made. 
In other respccte ihe clean up pan i.s constnK't(!d and mounted much like an 
amalgamating pan. Another form of clean up pan subistitutes two rotating 
arras and two drag-stones for the spider and wooden blocks. 

Amalgam obtained in a gold mill may contain particles of so-called rusty gold, 
that is, gold wdiidi is more or less coated with some sulphide, arsenide, or iron 
oxide. The stamping process has cleaned it enough so that one corner is amal¬ 
gamated and it has thtrefnre been caught. It may contain particles of pyrites 
including minute specks of gold which are amalgamated and caught as above. 
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It niii-y contain simply enclosed within it, black sand, magnetite, etc., cast iron 
and gra[)hitic [)artitdes from the wear of the mill. All of these sub.stancca make 
the amalgam impure and would bring down the fineness of the gold brick, or 
carry gold into the slag during the melting. The clean up pan subjects amalgam 
to a grinding action wliich is not .severe enough to flour the quicksilver, but 
cracks the .diells off the gold particles and unenvers the iron, graphite, magnetite, 
etc., and yields: (1) Clean amalgam; (2) mud. The amalgam is strained, re- 
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tnrted, melted to a brick. The mud can be settled in a tank, and when enough 
of it is had, sampled, assayed, and if rich enough, shipped to smelting works. 
In wet or dry silver mills, mineral enclosures and partially amalgamated particles 
may also he obtained. The clean up pan here also refines the amalgam as above. 

This process does not deal with amalgamated lead or copper, etc., which form 
true amalgams. For the partial removal of these im, urities, the reader is re¬ 
ferred to referenees on m etallu rgy.*___ 

• PreTBntion of base bullion due to manKanese; Am. Intt. Win. Bng.. Vol. XVII. (1887), pp 771, 778, 0. W. 
(^Kxlale; Ibid., Vol. II. (1874), p. 171, J. M. Adams. Effect of manganese on bullion: Enp. db Min. Jour., VbL 
TT.TY (1890), p. 180, A. D. Hodges, Jr. Removal of lead and copper: Am. Inst. Min. JSng., Vol. XI. (1689), pt 
108, W. L. Austin; Eng. a Min. Jour., Vol. XI.IX. (1890), p. 84, L. Janln, Jr.; Berg. u. fluff. Xeif., VoL ZZV. 
(ISri), p. 80, L. Klch; Ben. <fe» Mine*, Vol. XXXI. (187S1, p. 489, Fonseca. 
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Details of elean up pans and thoir uses are given in Table 145. The Eisdon 
Iron Works make clean up pans 18, 34, 36, 48 and (!() inches in diameter. 'I’bo 
power required for a pan 4 feet in diameter, making 30 revolutions per minute 
is IJ liorse power. 


TAliLB 115.— CLEAN UP PANS. 

Ahhrtwialions In -iih*Ii<*s: lj|{j.=}iqin(I: Min -.inimiti*; Nn -nnnihtT 


Diam 

l)«*pth 

Ri'volu- 

tidiiH 

jH'rMiii 

(irind*T.s. 

Mt‘r<*ury 

(Charged. 

Time of 
Treating 
(IharKo 

F(M*d 

Product 

Hostination 





I'oimdK 

Hoiir.s. 






20 




Foul amalf^ani. 







mim Mud 


30 

Ifi 

24 

Two tlrag- 


4 

Heavy sand AmulKain 

Luj. tinuil 

Hand pan 







from clfim np. 

tj.im Mud 


60 


30 

ib-truhir com- 

r)0(» 

3 

AInul^^^lln from chuck- 

Liq. ainal 

Separator box. 




Ijiiiai ion 

t<»700 


bloc'kfi, apron 

gam 





pan shoes 



sluices, mortar, old 

Mud. 

MU'i flushed 







shoes, dies it scretTis 


off 







Heavy sands front 









<;urtain and ridlc. 









mercury r,rnps. 



3S 

18 

r.() 






Retorts. 




sluice plates. 

iMud Oil 


H2 

Ifl 

fiO 





Jiand pan 




Howland riffles, uml Mud. 







cicamrtir np amalga-; 








matini; pans 



80 

18 

60 









froni amulifamaliiiK I’ulp. 

Setllers 

80 

Id 

60 



2 


Mixed 





Kum frum puns and, 








IrupM. 




(o) This uiutl Ih Hampled; If rich ououKh it ifoea to oUjcrwiso back to UitLcry 


(InisT Mill on Bcurstone Mill. 

§318. The (Irist mill (scv Dig. 165), is called Bnlirstone mill wlien the 
French rougli, silieious stones are used. It consists of two liori/.onlal stiine discs 

AB, of which either the 
ni)|ier ,1 or the lower 
B revolves concentrically 
against the other sta¬ 
tionary disc. In Fig. 
165 it is tlie upper disc 
wliich revolves, being 
driven from tlie shaft 
F by tlie horizontal arms 
G. The material to be 
ground is fed through a 
hole I) in the center of 
the upper disc and pass¬ 
ing out,ward between tlie 
stones, is ground during 
the passage and dis¬ 
charged at the circum¬ 
ference E. The material 
is pulverized by a true 
grinding action. 

Holmes & Blanchard 
of Boston, who have 
made a specialty of this mill, make nine sizes, ranging from 16 to 43 inches in 



FIG, 165,—HALF section iTND HALF ELEVATION OF 
BUriRSTONE MILL, 
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(liiimelor, of KH'iich hiihrstonos, ra]uiriiig from to 15 Horse power and revolv¬ 
ing 150 to 275 times per ininntc respeetively- 'I’Heir IS-iiieli mill has stones 8 
inehefe thick. 'I'he ev(‘ f> in tlie unner stone is 8 to 10 inches in dinmeter. Six¬ 
teen to twenty main furrows, with 
about two bi'iinch furrows each, 
are cut in the two grinding sur¬ 
faces, ohliqiu^ to th<‘ radius, run¬ 
ning from the eye to tlie circum- 
fcnnice (see Fig. I6G). I'he 
outer part of the furrows, lagging 
behind the inner jiart, causes the 
particles to lie drawn outward 
and ground as previously de¬ 
scribed under amalgamating pans, 
i< 211. 'I'hey are i to ;} imdi deep 
and V to 31 inches wide, dee]>e.st 
at tlie edge which first reaches 
the particle and tapering to no 
depth at all at the other edge. 
'I'hese mills revolving 100 to 125 
times per minute, grind 21 to 3(1 
tons in 21 hours to (10 mesh. In¬ 
stances are given of IJ tons of 
hard wliite ipinrtz per hour to G() 
mesh h\ a 12-inch mill running at 310 revolutions; anotlier of tons of Inmd 
]iliospliale per iionr. Tlie stones reipiire dressing every 10 to il days. I’or 
wet. grinding of hard snlistanees they will wear 18 to 20 inontii.s; on soft ores 
Ihev may last ten years. 

1{. Hunt says a mill 1 feet in diameter, making 100 revolutions per minute, 
grinds 5,alt) pounds from 10 mesh tlirougli 00 inesli in 21 hours. Sahlin gives 
!) tons per twenty-four liours as tlu‘ eapaeity of a Hiiiirstone in grinding tale, 
using 20 horse power. The, stones last two to three years and are dressed every 
two weeks. 

The mill is driven by pulley, liorizontal sliaft. lievided gears and vertical 
shaft, whieli, wliun driving tlie npjier stone, jiiisse.s up througli the lower mill 
stone and is attaelud to tlie eye of the upper by radial arms upon the shaft and 
gaps cut in the stone, or wlien driving the lower stone, is attaehed to it by arms 
and lugs, and notches in it. (Iranifc stones are used for softer sulislanccs. The 
mill works well on soft substances. The proper size of feed is about ^ inch in 
diameter. 





Fiu. 100.- 
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Ttte Rock Embky AIill. 

§ 219. Tiiis mill made by the Slurtevant Mill Go., works upon the same 
principle as a Buhrstoiie, but it uses emery instead of quartz, as the material to 
withstand the wear. The millstones are mounted to run either horizontally or 
vertically. A vertical mill is shown in Fig. 167. 

It is well known that the skirt or outi'r margin of buhrstones wears faster 
than the eye. These stones correct that difficulty by having an eye of buhrstone 
and a skirt of emery (sec Fig. 168). This emery millstone is prepared with an 
iron cup or shell into which are placed large blocks of emery which are laid as 
a skirt around an eye of buhrstone, and slabs of sandstone on edge are placed in 
positions through the emery skirt corresponding to the furrows of the buhrstone; 
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then the melted metal (zinc, bronze or iron) is poured around the blocks of emery 
and sandstone, fastening them firmly in their places. Such metal filling is used 
as is best adapted to the class of grinding required. These millstones need 
but little dressing, the furrows are easily opened because they are made of softer 
material than the rest. 



AND J’UI.LUV liliMOVJiD. 

Rock emery millstones are run, as before stated, in vortical or horizontal mills. 
The stones set to run vertically have a horizontal shaft and the sione.s set to run 

horizontally have a vertical shaft. 
The horizontal mill is driven by a 
horizontal pulley on the vertical 
shaft below the millstone. 

Rock emery millstones are con¬ 
structed in four sizes, 43, 48 and 
.'if inches, to fit any grist mill frame, 
either as upper or under runners; 
hut the manufacturers make the 
horizontal mills only a.s under run¬ 
ners with 42-ineh millstones. Their 
running stone is firmly secured to 
the vertical shaft and the face of 
the upper stone is held automatical¬ 
ly in exact panilleli.'in with the face 
of the running stone. Details of 
horizontal mills using rock emery 
millstones are given in Table 146. 
For a 48-ineh mill the stones cost 
.$800 per pair and last about one 
year. The mill does not require any 
other repairs to speak of. 

Where the millstones am set vertically, one stone only revolves. This is 
pressed against the stationary stone by a regulating screw. Vertical mills are 
made in four sizes.. Of these, the figures on 16-ineh and 30-inch mills are givfen 
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- TABLE 146.— HORIZONTAL MILLS. 


Diameter 
of Stone. 

Revolutions 
per Minutt*. 

Material Crushttd. 

Size of 
Feed. 

Size of 

(’rushed Rnek 

Capueity per 
24 Hours. 

Horse 

Power. 

Inches. 

80 

400 


Jiichos. 

MeHh. 

no 

Tons. 

30 

24 

IH 

48 

86 

24 

1 use 20 to 30 )i 

12 

80 

4(W 



30 

400 



no 

60 

00 

12 

20 

20 

42 

80(» 


I Hloii 

H 

H 

II 43-inch un 

42 

.800 


42 : 

8(X) 


4H 

64 

1H0( 

From ^ to J less capacity tha 

dur runners, and 

orse power. 


ill the 'I'alilf 1 IT. 'I'lio film's for llic L’O- and 2t-iiicli sizes riiiigc lielwei'ii tlie.ee. 
The stones for viTtical milLs cost from $60 to $125 per pair and wear from eight 
months to two years. 

TAIiLB 147.—VERTICAL MILLS. 


Diameter 
of Stone. 

Revolutions 
per Mimite 

Material Crushed. 

Siz(‘ of 
Feetl. 1 

1 

size of 

Ciipaflty per 
24 ihmrs. 

Ih»rsft 

Power. 

Inch* w 

16 

h'X^O 

I.itlmrKe. 

Inches 

1 ? 

Mesli. 1 

100 1 

Tons. 

4 2 

8 

10 

1 1,MNI 

PlumbuKo. 

li)0 1 

3.6 

8 

10 

! 1,0(H» 

Marlde. 

ii 

60 ' 

4.H 

K 

30 

1 tKK) 

(iypsuiu. 

I'hospliato. 


no ' 

72 

2.6 

30 

1 r*r»o 

i 

nt) 

4rt to 72 

1 25 

30 

1 660 

Iron oxide. 

too i 

24 

35 

30 

! G.60 

Sitlphate of soda. 


: 00 

60 

26 


Emery millstones running vertically ran be run at, high speeil ami are rapid 
fine grinders of moderately hard materials; but millstones running horizontally 
are callable of reducing mucli harder rock and crush finer than the vertical mills, 
but not so rapidly. 

The machine is adapted for crushing \ to inch grains down to 60 to 100 
me.sh. d’he finer tlii' product desired, the smaller should be the grains fed for 
rapid work. 

IhlMMINdS OHK (iHA.NULATIMi Mll.L. 

§220. This is a vertical disc concentric grinder. An annular di,“c 66 inches 
in diameter, making 1,000 revolutions per minute on a horizontal shaft, pressed 
against a stationary annular disc within i to il inch of it, ri'duces H- to 2-ineh 
cubes down to iV '"‘‘h diameter, the wear being taken up Iiy a feed screw. Both 
discs have furrows dressed on them, similar to tho.'^e of a Buhr.stone mill. The 
ore is fed by a hopper through the stationary disc and discharges all around be¬ 
tween the discs. smaller mill cru,shed l-ineh cubes of cement clinker to wheat 
.size at the rate of 20 tons per hour, consuming 50 horse power. The cost of re¬ 
newals of wearing plates was $10 per m aith. 

‘'Keoelmuiile,” Cone Mill or Coffee Mill. 

§ 221. This irdll (see Figs. 16!)a and 16.‘t?i), has hren for iiiany years a stand¬ 
ard machine in Europe for grinding coal. It cemsists of a fixed, open, cylindrical 
ring g as a die, and a closed conical ring I revolving concentrically within it, as 
the grinding shoe. The axes of cylinder and cone are both vertical; the, annular 
space narrows downward. Upon both surfaces are placed cutting knives or 
teeth yz, which preferably slope downward and forward in the direction of revolu¬ 
tion on the shoo, and downward and backward on the die. This provision is 
to prevent choking of the machine demanding excess of power and packing of 
the channels between the cutters, which might stop the grinding altogether. 

The vertical shaft s is hung in a step below and a bearing above, and is driven 
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by bevel gears, hnriznntal shaft, anrl belt pulley. The cylinder is 42 inches inside 
diameter and 18 inches high. 'I'he <wne is 39 inches in diameter below and 24 
inches at the to]). The cutting knives or teeth are of five different lengths, all 
reaching the bottom, hut extending uj) different distances according to their 
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lengths. They project out 2'| inchc.s at the top and taper doun to 0..1 inch at 
the bottom. Both of tliese provisions faeilitate the reception ot the larger lumps 
at the top and the grinding of tiie smaller at tlie Ijollom. To complete the 
grinding, tiie annular s]mce is prolonged 4^ inches uilh rings pj having (inc cor¬ 
rugated surfaces which lake the hardest wear and are therefore, ri‘])hiceuhlc. 
I’lie ste[i below has a vindical adjustment for taking U]i wear and regulating size 
of product. 

The machine is not adapted to ermshing hard suhstanccs as the wear is exces¬ 
sive. but has been found advantageous for coal. A 3^-font mill, running at 12 
to 1(1 revolutions ]>er minute, crushes soft coal from 6 inches diameter down to 
i inch diameter at the rate of 184 tons ])er 24 hours, using 3 horse power. The 
cnrrugat(‘(l rings last 8 to 14 days. The shoes and dies above last 3 to G months. 
The machine can be run wet or dry. 

Samule Guindeb. 

§ 222. This is a cone mil! (sec Fig. ITQ), capable of receiving lumps of 1 inch 
diameter and of grinding them down to | to inch in diameter or even less 

by one passage through tlie mill. The 
coar.ser the finishi'd product, the more rapid 
is the work. 

'I’lie vertical shaft is driven by beveled 
gears and pulley below, and stands upon a 
movable step which is raised by a lever and 
liaiid .screw, giving a quick adjustment of 
size of space between the revolving cone or 
slioe and the fixed ring or die, and, there¬ 
fore, of the size of crushed grain. The 
coarser cnishing is done by slight corruga¬ 
tions or teeth upon the upper parts of the 
shoe and die, while the lower parts are smooth 
and complete the crushing by a simple grind¬ 
ing action. It is usual to put the sample 
through several times, setting the surfaces 
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closer each time, and sifting out the tine ore after each passage. The hopper, 
the die and shoe can ho taken out and cleaned at a moment’s notice before 
charging a new batch. With some ores this cleaning is best done by grinding 
clean quartz in the mill. 

The capacity is small as it is only intended for laboratory samples, but it is 
an extrenioly lunidy little mill for its purpose. 

Tliis mill is figured and described in the catalogues of most of the manufac¬ 
turers of mill machinery. As made by Fraser & Chalmers, it requires 3 horse 
power; the eone revolves 150 times per minute; the total weight is 500 pounds. 

'I’lie following sizing test* of chalcopynte and caleite ground by a sample 
grinder to pass through a 20-mesh screen shows the quality of its work: On 
20 mesh (over 0.85 mm.), 1.2%; through 20 on 24 mesh (0.85-0.T08 mm.), 
1.1'/.; Ihroiigh 24 on OO mesh (0.408-0.535 mm.), 5.5%; through 30 on 40 mesh 
(0.5;1.5-0.:J74 mm.), 13.3%; through 40 on 50 mesh (0.374-0.279 mm.), 10.0%; 
Ihrough 50 mi (10 me<h (0.279-0.232 mm.), 9.1% ; through 00 on 70 mesh (0.232- 
0.197 nun.), through 70 on 80 mesh (0.197-0.171 mm.), 1.0%; through 

80 on 90 mesh (0.111-0.155 mm.), 5.3%; through 90 on 100 mesh (0.155- 
0.139 mm.), 0.(1% ; through 100 on 120 mesh (0.139-0.110 mm.), 2.1%;; through 
120 on 150 mesh (0.110-0.093 mm.), 3.2%; through 150 mesh (0.093 mm.-O), 
36.3%; total, 100.0%,. 

Hebebli Mill. 

§ 223. This machine crushes by the grinding action of two revolving, vertical 
discs iliat are placed eccentric to each other. Its chief field is grinding jig 
middlings. 

As u.scd in this country the discs are of cast steel and are 30 inches m diameter 
4 inches thick wifh the center part made cellular to help it wear ahead of the 
periphery. The.“(' discs are mounted njion flanges of the same diameter, and 
they u))on horizontal shafts wifh two boxes and one pulley each, the one slightly 
ccccninc to the other, adjusted by sliding Ihe boxes of one of the .“hafts. The 
pair of discs are housed in a shcot iron housing with a delivery spout below. The 
discs are driven at varying speed.s, sometimes in the same and sometimes in 
opiiosilc (htvciicus. 'J’be ore. of the size of peas or wheat, is fed with water 
through the center of one of the shafts by a worm feeder. The ground ore comes 
out at the periphery from between the discs. 

’I'ho pressure for crusliing and also the movement to take up wear of the discs, 
are both obtained by the use of a rack prc.ssing against the end of the solid shaft, 
driven by a pinion, a drum, a chain, and a heavy weight. This gives a con¬ 
stant pressure of any de.sired amount. 

Fraser & Chalmers make a Iloberli mill (see Figs. 171a and 171b), which 
varies slightly from the preceding. The worm feeder is omitted and the rack 
and pinion are replaced by a rubber spring. The figures show the two discs 
without any eccentricity, but they are given a small eccentricity before starting 

Mill 44 uses two Hebcrli mills fed with jig middling.s inch to 0 in 
size, consisting of copper bearing conglomerate rock. The mills reduce this 
stuff to about T^ff-inch maximum grain, guided by a te.sting hand sieve. The 
be.=t combination of the many tried was to drive one shaft forward 300 revolu¬ 
tions per minute, the other backward at 60, by open and crossed belts respectively, 
and lo u.«e an eccentricity of 1 inch. They are fed by large hopper and bucket 
elevators delivering to tlie screw feeder. The capacity of each is 33 tons in 22 
hours. _ 


* Courtenay de Kalb, private oommunioation. 


268 ■ ORE ERE88IN0. § 223 

At Mill 42, the Hoberli mill has been tested against rolls for crushing jig 
middlings, showing marked advantage in favor of rolls. The capaeity of rolls 
is greater and the cost is les.s. A ])air of 22Xl(i-ineh rolls is used. Shells cost 
4 cents per pound and last one mouth. The lleberli discs weigh 500 pounds per 



pair; cost 10 cents per pound and last 16 days. The rolls require 10 horse power 
and the Hoberli nulls lOJiorse power each. 

Fraser & Chalmers* give sizing tests on the ground conglomerate jig mid- 


* Private communlcatlos. 
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dlings as follows: The wear of steel was 4 pounds per ton of pulp ground. 



Calumot Mill. 

Plecia Mill. 


% 

% 

On 10 mesh... 

24.8 

9.8 

Through 10 on ifi mt'sh... 

3fi.8 

40.6 

ThrouRhlGon 80 “ 

21.8 

20.1 

TlirouKlJ 80 on 00 " ... 

0.0 

6.9 

ThrouKli GO on 100 “ ... 

8.8 

6.2 

Through 100 mesh. 

5.9 

10.4 


100.0 

100.0 


These mills find favor in Mill 44 partly on account of their capacity and com¬ 
pactness, but chiefly on account of their ability to crush and prepare the native 
cojiper ill this diflieult product for jigging. 

'J'he parent form used in Germany drivi's but one disc, the other runs in the 
same direction by friction. Tliese machines liave springs, screws and hand 
wliecls for .setting up the pressure. The center parts of both discs have a line 
of poi’kets arranged spirally from the center, to advance the ore and to enable 
the center to wear in advance of tlie periphery. These also cause a suction which 
enables the machine to be run without a worm feed. A niaeliine at Ammeberg, 
Sweden."’ treating galena and blende finely disseminated in quartz and horn¬ 
blende. w'ith discs revtdving 300 times per minute, eru6hc.s 30,()34 pounds 
(Kl.O'.’d kilos) ]>er 'it hours, from -I to 2 mm. down to 1 mm. Twelve steel discs 
in 30tl twelve-hour shifts, wearing fi'om 2t)4 ])ounds (130 kilns) each new to 30.8 
pound.s (14 kilos) old, crushed (i,0G3,,553 pounds (3,7S6.1G0 kilos) of ore, cor- 
res])o!Kling to: ()..V.'23 kilo gross of .steel worn per 1000 kilns ore ground, (1.044 
pounds jier 3,000 pound ton), and 0.1fil4 kilo net of steel w'orn pi'r 1000 kilos ore 
ground (0.923 pounds per 2,000 pound ton). Hejieatcd experiments show about 
3 to 1 inch (20 to 2.’) mm.) to ho the best eccentricity. Water used is about 
5} gallons (20 liters) p,!r minute. 

fi’lie powt'r ri‘([uired at I’rzibram* for a two disc mill is 2J to 5 hnr.«e power. 
This will erusli the following ((iiuntities per 21 hours: 21,120 pounds (9,G0() 
kilos) from 1 71)111. to 2 mm.; 10.032 jioiiiids (4,,')G0 kilos) from G mm. to 2 mm.; 
8,t)7G iioiiiids ( 1.0,SO kilos) from 0 mm. to 2 mm. 

Linkenbach deseribe,s another form with three discs, one large disc 74.8 inches 
(1.9 m.) diameter, revolving twice per minute, and two small discs about 27.9 
inehe.o (108 mm.) diameter, revolving 2,')0 to 300 times. This form is sometimes 
mounted double with the pressuie of one opposed by the pro.s,sure of the other. 
This six disc mill uses 31 metric hor.«c power or for a single disc. Capacity, 
power and water for the three disc mills are about double that required for two 
disc mills. 

At Ammeberg, Sweden, where the ore is galena and blende, finely disseminated 
in quartz, this three di.«e machine crushes 2,200 pounds (1,000 kilos) per hour, 
and in 318 twelve-heur shifts, crushed 8,39,'>,200 pounds (3,81G,000 kilos). 
The large steel di.se wore from 1,373 pounds (G24 kilos) dowm to 101.2 pounds 
(4G kilos) and ten small steel disc.s wore each from 198 pounds (90 kilos) to 32 
pound,s (10 kilos), giving 0.788 gross, nr 0.733 net pounds worn per ton of 
2,000 jiounds. IT,sing discs east from scrap, the wear was 0.826 pounds per ton 
gross and 0.749 pounds net. 

The power required at I’rzibrainf for a three disc mill i.s given in Table 148. 

.Tames RenAimns Ecobntutc Mile. 

§ 224. This mill, invented in 1,832, consists of two circular, horizontal grind¬ 
ing plates, the lower attached by a flange to a vertical driving shaft, the upper 

• Bert- u. HUtt. Jahrb.. Vol. XXXI. (1883), p. 807. ilbid. 
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TABLE 148. —POWER FOR A THREE DISC HEBERLI MILL. 


Horse Power 
Used. 

tlapacity per 24 hours 

Size of 
Feed. 

Size of 
Prtxliict. 


Pounds. 

Kilos 

Mm. 

Mill. 

5 to 8 

BH.080 

20,400 

4 

2 

5 to 8 

31,lift) 

14.400 

6 

2 

6 to 8 

Sd,4ua 

12,000 

0 

2 


placed opfontric with tlip lowor, nimiiTig in a bnaring in tlic covfT of ilic mill, 
and driven by the friction with the low'er plate. Power is applied cither by 
pulley on the vertical shaft or by pulley on a horizontal shaft with bevelled gears 
transmitting to the vertical shaft. 

The mill has the advantage over concentrie mills that no two parts can come 
in contact consecutively, and hence the jdates will wear evenly. The eceentricity 
also causes an even feeding, crushing and discharging of the particles. The 
eccentricity when grooved plates are used, causes also cutting action uj)on the 
material to bo crushed. 

The mill is made with a variety of grooved or smooth plates, according to the 
work to be done. The mill is fed through a hole in the upper plate and dis¬ 
charges at the periphery of the plate. Pressure is maintained by a weight and 
levers acting upon the bottom of the vertical shaft. It is used for grinding fer¬ 
tilizers, drugs, etc. There arc five sizes, numbered from 2 to fi inclusive. No. 
2 takes 3 horse power and No. 5, 8 horse power. No. 2 is run from 300 to 800 
revolutions per minute and crushes from 2 to 8 tons of hones, fire brick or clay 
in 10 hours. 


Ball Mills. 

§ 225. The Bruckner Ball Mill was the parent form of the Oriison ball 
mill and consisted of a cylinder revolving on a horizontal axis with, die plates 
around the circumference. The ore ground by halls, passed out through the 
spaces between the die plates and fell upon a screen surrounding the cylinder. 
The oversize of this screen was carried hack to the feed spout by .--piral end ele¬ 
vators while the undersize was discharged into the bin. 

The Gruson Ball Mill* (see Figs. 172® and 1725), is a cylindrical mill 
revolving on a horizontal axis. Inside it are many chilled iron or steel balls of 
different sizes. The ore is ground by the attrition of the balls against each other 
and against the die ring. The die ring is composed of five perforated, spiral, 
chilled iron plates arranged so that each laps the next, which by forming steps, 
give the balls a drop from one to the next, and furnish a space beneath tlie step 
for the return of the oversize of the outer screens. Outside the die plate is a 
coarse perforated screen to take the wear, in five parts with spaces between, and 
again, outside that is a fine gauze screen. A deflector or shovel is placed at the 
end of each section of fine screen to convey on its upward journey the oversize 
of the screens back into the grinding space. The ore is fed through a hopper at 
one end and is discharged through the screens. The cylinder is enclosed in a 
plate iron housing with a discharge spout below. The mill is driven by gear 
and pinion with tight and loose pulleys. The mill can be run wet or dry and is 
suitable for fine grinding of ecments, fertilizers, clays and soft ores. With hard 
ores the quartz grinds the balls too much. It is fed with egg size. There are 
eight sizes of mills of Which three are given in Table 149. 

* This, hi iU latest Improved form, Is called thd Krupp ball mill and is manufactured by Fried. Krupp 
QrOaonwerk. 
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The wear oj" halls from Krindiiic 102,400 harrel.s of ceiiienf. was ],;i4.5 kilo.s. As¬ 
suming a barrel to weight 415 i)oun(].s, tliis give.s 0.159 pounds of metal'worn 
off the balks per ton crushed. The end plate.s last IS months. 

Tni5 Jn.xisoii Ball Mill is similar to the Cirii.'^on and is used by the Common- 
weakli Mining and Milling Co. at Pearce, Arizona, for grinding gold and silver 
ore preparatory to pan amalgamation. The plant consist.s of tlireo No. 5 ma¬ 
chines having cylinders 2,210 mm. in diameter and 1,^50 mm. long, and one 
No. 2 machine having a cylinder l,f>40 mm. in diameter and 800 i^m long 
The capacity of the whole plant is about 80 tons in 24 hours, the No. 5 machines 
finding about 23 tons each in 24 hours. The size of the material fed is about 
3 to 4 inches in diameter; the ))roduct passes tbrougb a 10-niesh .screen. One 
man is required to tend the four machines. The power is estimated at 5 horse 
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power for the No. 2 machine and 12 horse power for the No. 5 machine. The 
pulp is much more uniform,than that from a stamp mill. The machines have 
not been running long enough to estimate wear, but it is thought from present 
indications that it will be low. 

The Dodge Impuoved Pulverizer. 

§ 226. This is a hexagonal barrel revolving on a horizontal axis. The arrange¬ 
ment of the perforated die plates and screens is similar to the Griison Ball Mill, 
except that it has but one thickness of screen outside the die. Within it are 
placed sti'cl balls of 15 and 30 pounds weight and pieces of quartz, or the former 
only. It is used for wet or dry crushing and the results are similar to stamp 
mill work, as shown by Table 150 and the following sizing test from Wagoner.'^* 


TABLE 150.— DODOU IJIPROVEI) PULVERIZER. 


Slz« of 
Mill. 
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24 lIourH. (d) 
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»* 
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4.6 

8.76 

** 

15<^) mesh. 

20.5 

83.0 

6 75 




100.0 

100.0 

100.00 


This mill is modified for treating cement gravel in such a way that it is dis¬ 
integrated without breaking the pebbles, which pass out through the hollow 
trunnion. 


Tustin’s Eotatino Pulverizing Mill. 

§ 221'. This con.sisls of a revolving die ring or tire 11, with horizontal axis in 
w'hich are screening slots (see Figs. llSa and 1735). Within it are two loose 
cylindrical rollers 10, which crush the ore by their weight. Outside of the die 
ring is the fine screen 14, which limits the size of crushing. Two sizes are made 
(see Table 151). 

TABLE 151.—TUSTIN’K MILL. 
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The die ring is inches thick and is made in eight sections, of chilled cast 
iron or steel and has slots in it parallel to the axis, 12 iuehes X \ inch, widening 



FIG. —C'lKl.SH .SECTION 01' TFSTIN'.S HOTAIIY PULVEIilZING M11.L. 

outward. 'I’i e slots 13 at the end of each section for returning the oversize of 
the outer screen are about 1 inch wide. The screen is made in eight sections, 



FIG. 1736.— SECTION OF TUSTIN’S ROTABY PULVER¬ 
IZING Mn,L. 

each 18X18 inches for the large size. The revolving part, consisting of the 
die ring 11 and end discs 7, 8, is mounted on two hollow trunnions or journals 






264 


ORE DRESSim. 


§ 228 

and has at one end a gear wheel 5 driven by pinion 4 and pulley 1. Through 
the gear trunnion a shaft 20 passes and on the inner end is keyed an indieator 
yoke 1() and oti (he outer end an index ponder 22. 'I'lirough the opposite hollow 
trunnion a tube 33 fed by ho])per 31 and wat<’r jet 39, brings in the ore. A 
water j(‘t 38 is played on iho outside of the screen near the toj) to clear it. For 
dry erushing the two water jots are left out. A plate iron housing 10 riveted 
together encloses the whole machine and delivers the pulp in a .sjiout below. The 
indieator yoke Ki is ached upon by the rollons. When the inaehine is under fed, 
the roller.s oscillate hack and forlli, which state of things is sIiohii by the index 
pointer. By placing a cum on the pointer, an automatic feeder may be provided. 

Wagoner‘''“ gives the capacity of the large mill as 13 tons in 34 hours, crush¬ 
ing through a 3()-niesh screen. He gives the following sizing tc-sl of the pulp: 
Through 3.1 on 50 mesh (0.45 to 0.305 nun.), 58.5%; through 50 on tiO 
mesh (0.305 to 0.355 nini.), 13.5%!; through (iO on 100 mesh (0.355 to 
0.175 mm.), 14.57o; through 100 on 120 mesh (0.175 to 0.120 mm.), 5.5%; 
through 130 on 150 nie.sh (0.130 to 0.075 mm.), 3.0%; through 150 mesh 
(0.075 ram. to 0), 5.0%. The sizing ti'st .show.s that this machine ranks very 
high -as a non-sliming crusher, 'i'he wear of iron is about the same as that of 
gravity atanip.s. If is especially adapted to iTUsliing gold ores where the sliming 
of telluridos is to he avoided and concentration i.s the chief method of hunefici- 
ation. 

ClE.VX r? BAlililil.S. 

,^ 288. “In cleaning up the mortars and mercury traps of gold stamp mills, 
much valuable unialgam is found mixed with (piartz, iron and other foreign 



matter. These cleanings, upon bein.g placed in the clean up barrel, with addi¬ 
tional quicksilver and ca.st iron hal’s, are thoroughly ground and worked, the 
amalgam being taken up by the quicksilver and separated from the waste 
matter.’’* 

They work inti rmitiently, receiving a charge, grinding it for a specified time 
and later discharging it. They are hall mills consisting of plain iron cylinders 
revolving on horizontal axes (see Fig. .174). Heads carrying the trunnions nr 

* Prom catalogue of Fulton Engineering Works. 
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journals are boiled to the flanged ends of the cylinders. They are sometimes 
driven by direct pulloysj sometimes by pinion and gear. They are generally 
provided with a inaidioJe on one side and a hand hole on the other. Both are 
closed by covers flush with the inner surface of the cylinder, made tight with 
rubber gaskets and held in place by screw clamps. Sometimes one opening only 
is used. A few large spherical balls of chilled cast iron are used. A barrel 
requires 2^ horse power when running at 30 revolutions per minute. Figures 
upon these ball mills are given in Table 152. 


TABLE 152.— CLEAN UP BARHBI.S. 


AHiroviations.—€ I -^C’aRtiron; Ft.=f«et; In.=lnche8,* Lbs.sspounda; No.=Number. 
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tables. 

plates. 



(tf) (lant ) Htouoi> (ii) Adds a little aulphurie aetd to charge, (e) Hand hole, 6 IncheH dlauieter. 
(d) vviuie irou. (<<> CiVHt iron, 4 inches diameter. (/) Elliptical tnaahoia, 16xlS inches; discharge bole, 
Incht'H diuinuh'ir. (g) Inside (A) After 16 hours add i to IH pints sulphuric acid; after 21 hours add mercury 
and water, (t) With ends bolted m. 


In Mills 05, and 74 the feed is the bottom sand from the twelve stamp 
mortars, sulphurds from the clean up room, and unfinished settlings from the 
No. 1 settling tank of the previous run. The charge is put in with balls, and 
about a flask of mercury (76J pounds) and with water enough to cover over the 
sand to a depth of 12 inches. The doors arc clamped and locked. 

The discharging is done by opening the manhole when on top. Water is run 
in with a hose to flush out the finest of the mud to a catch hopper beneath. The 
water is then stopped and the If-ineh hole at the bottom is then opened. The 
amalgam and pulp are drawn off into uuckets whieh go to the clean up room. 
The catch hopper take.s the overflow of these buckets. A man then enters the 
barrel, lifts out the balls, hoses out as much fine pyrite as possible into the bucket 
holnw, and finally, scrapes out all the scrap iron. 

The catch hopper is made of wood and is water and mercury tight, 5X5 feet 
area, with bottom sloping from three sides?, the fourth side being vertical, and 
the outlet at the middle of the bottom of the fourth side. The earlier run of 
fine pulp goes directly to amalgamated plates below, but during the run of heavy 
stuS, a spigot pipe is placed in this outlet and mercury is caught in a kettle 
while the water and fine pulp escapes by an overflow to the amalgamated plates. 
And finally, the coarser residue is hosed from the catch hopper to the amal¬ 
gamated plates. These plates are two in number, the first 12 feet long and 1 
foot wide, the second 15 feet long and 1 foot wide. No. 1 settling tank (10X1X2 
feet deep) is placed at the end of the first plate, and No. 2 settling tank (16X4 
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X3 feet deep) at the end nf the second. A tilting tail at the end of the first 
plate is used when fine pulp is passing, to bridge everything over to the second 
plate and thence to the IS'o. 8 settling tank. When, however, coarse pulp is 
being run the tilting tail is elevated and the pulp traverses only the upper plate 
and drops into No. 1 settling tank. The amalgam from these plates goes to the 
clean up room and is put with that obtained from the clean up barrel. The 
coarse settlings in the No. 1 settling tank are fed to the barrel in the next fort¬ 
nightly clean up. The settlings from the No. 8 settling tank go to the chlorina¬ 
tion plant and the overilow is waste. 

The series of buckets ranging from the first with sulphurets and amalgam, to 
the last with scrap iron, aiH’ panned in the clean-up room in sinks arranged as 
follows: Mercury sink is of cast iron. It is 2-J feet X 3 feet X inches. This 
is placed at the left of the o[)erator. In front is a wooden panning shelf, 5 feet 
long by 8J feet wide and with three sides, 8 inches high, long enough for two 
men to pan at the same time. The bottom slojies toward and discharges into 
an iron tank T) feet long X 3| feci wide X feet deep, at the right. 

'I'lie process is as follows; 'I'he contents of each bucket are screened wet through 
a gold pan, the bottom of which i,s punched with round holes ^ inch diameter. 
The oversize i.s hand picked, yielding: (1) Scrap iron which is waste; (3) 
coarse rock to stamps; (3) amniganuited scrap copper which is retorted, nndted 
to a brick and sent to smelting works; (4) gold nuggets and hard amalgam which 
arc put with soft amalgam. 'I'lie undersize from the screen is caught in a gold 
pan. It is panned, yielding: (1) Soft amalgam which is strained wet through 
strong drilling and yields hard amalgam to retort and quicksilver to be used 
over; (8) heavy sulphurets to the, iron tank which yields heavy settlings to barrel 
in its next run and overflow to the second of the series of tanks previously men¬ 
tioned. 

This mill also has a small clean up barrel 15 inches in diameter and 3 feet 
long in whieh the hard amalgam scraped off the amalgamated jilates just previous 
to the fortnightly clean uji, is ground for 84 hours with some mercury and 
water enough to make a thin paste. This barrel makes 88 revolutions per 
minute and it is diseharged and the produets treated in the same way as in the 
large barrel. 

Mill f)l treats battery residue in a clean up barrel 13 hours. It is then dis¬ 
charged over a gently sloping inclined plane, 30 inches wide, upon the upper end 
of which mo,st of the amalgam lodges. Thence the pulp passes to a ritllc sluice 
box, 10 feet long, which catches nearly all the remainder of the amalgam. The 
remaining pulp is run into a tank and from here run over the mill sluice plates 
to catch any little remaining quicksilver. 

'The economical importance of a clean up barrel is frequently lost sight of in 
a stamp mill. By its use It is possible to save a remarkable amount of gold 
which would otherwise go to waste. Among the things treated by it are: (1) 
Old screens and pieces of scrap iron from the mortars which are first allowed to 
rust to pieces; (2) old straining cloths, brooms, chips, etc., which are burned 
and their ashes treated; (3) the sweepings and drainings of the mill, accumulated 
dust, flue dust, etc. Loring states that many thousand dollars may be saved in 
this way around a large plant. 

Alsinq Cylindee. 

§ 889. This is a cvlindel- which grinds by flint pebbles and is used for grind¬ 
ing talc after a Griffin mill or a Buhr.'^tonc mill. It is H f(‘et in diameter, 6 to 
10 feet long, i’ned witJi porcelain brick and filled one-third full of round flint 
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pebbles, IJ to 2J inches in diameter. The porcelain lining for a 6X8-foot 
cylinder, weighs 2,500 pounds; costs 3^ cents j)er pound; lasts 3 to 4 years. 
The machine uses 800 pounds of pebbles per year which cost $21 per ton. It 
works intermittently and has a manhole for charging and discharging. A charge 
equal to 800 to 1,000 pounds is ground in 3 to 4 hours with the machine revolv- 
ing 20 revolutions per miTiuh' and using 20 horse power. The heat generated 
is very great and sonudimes causes jjcbblcs to sj)lit. 

Fiusheh Luoop Mii.t,. 

§ 230. This mill (see big. 115), consists of a stationary die ring or tire with 
horizontal axis. Two small rollers, locasely held, arc driven by two arms around 



FIG. 115.— CKO.SS SECTION TIIUODGII CENTEIi OF FUISJIEE LUCOP MILL. 
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GO. King. KK. Wedge bolts. RR. Rolls. 


inside the tire; their speed is such that centrifugal force acts energetically, doing 
the work of crushing between the rollers and tlie tire. 

*1 he machine is run wet with two screen discs, one on each side, or it is run 
dry with exhaust fans, with or without , orcens. A Separate suction fan may be 
used. There are four size.s of mill: 10, 20, 24 and 30 inches. I'he 24-inch mill 
has a die ring of rolled steel, 24 inches inside diameter, 6 inches face, and 3 inches 
thick. The roller.s are 8 inches diameter, 6 inches face and weigh 80 pounds 
each. _ The centrifugal force is 6,400 pounds when running at 300 revolutions 
per minute, and the mill grinds 1 ton of quartz or 3 tons of soft material per 
hour through a GO-mesh screen, using 15 to 18 horse power. The 20-inch mill 
makes 500 revolutions per minute, ^inds i ton per hour through 60 mesh, using 
8 horse power. A SO-inch wet mill, running at 300 revolutions per minut^ 
crushes 4 tons of -N'ew Jersey bluestone rock per hour through a 40-mcsh screen’ 
using 12 horse power. Data on wear, water, and size of feed are not given! 
The wear will probably take place more on the lower part of the die ring than 
on the upper, due to the action of gravity. It is claimed that the mill is suit¬ 
able for quartz ores of all kinds where pulverization to 40 or 60 mesh is needed. 
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The Griffin Centrifugal Staup Mill. 

§231. This mill (see Fig. 176), consists of a cylindrical ring or die, 30 
inches inside diameter, 6 inches face, and 2 inches Uiick, with horizontal axis 
and three corrugated rolls or stamps, 12 inches diameter, 6 inches face. Those 



FIG. 176.— griffin centrifugal stamp mill with front cask and screen 

REMOVED. 

stamps ■weigh 110 poiind.s; arc cast chrome steel, -with 2-inch thick cylindrical 
shell, having a 1-inch hole in the center and a set of eight t(>eth or stamp slmes, 
2 inche.s long 2 inches wide and 6 inches face. TIk^ space between the teeth or 
shoe; is about 2'i indies at the outside. These stamps are mminted with a 
loose fit, on loose shafts, 3 inches in diameter and about 10 inches long. The 
three shafts arc mounti'd betwam two three-armed spiders keyed to central hori¬ 
zontal driving shaft, one spider at each end of the machine. 'I'he bearings are 
ao constructed that they compel iho shaft and its starni) in gyrate about the 
main shaft, preventing them from lagging or hurrying, allowing the stamp to 
be forced out against the die by centrifugal force, lint preventing the stamp at 
the top of the revolution from tumbling toward the center when at rest or 
slowly revolving. 

On the dischaigi ; .dc are three scrapers riveted to the s|ii(ler ring. The 
scrapers are plough shaped and cause, the pulverized material, whether wot or 
dry, to pass through the screen. On the feed side are three spouts, each one in 
advance of •'> .stamp, providing a continuous food around the whole circle. These 
three sponts arc fed by uu axial feed hopjicr and some form of automatic feeder 
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outside. The screening surface is a disc 34 inches diameter and is held in place 
by a front case, closed all around, and discharging at the bottom. The die 
ring or tire is held in a shell of ca.st iron, having feet with which to bolt it to the 
foundation. It is in halves which are Hanged and bolted together to facilitate 
the removal of the die. The; central shaft of the machine is driven by a pulley 
and provided with a lly wheel; 80 revolutions of the machine per minute gets 
contact between th(! stamps and the die at the top of the circle. At 190 revolu¬ 
tions of the pulley, its capacity is tons per hour of copper matte from 1^ inches 
in size to iV inch. It requires 30 horse power. 

EdGB IlUNNEKS. 

233. These mills, sometimes also called Edge stone mills, have vertical roll¬ 
ers running in a circular enclosure with a stone or iron base or die. Of them 
there arc two classes: (a.) Those in wliicli Ihe rollers gyrate around a central 
axis, rolling ui)oii Ihe die as ihey go. The Chili mill is the parent of mills of 
tliis eJas.s. (h) 'J'liose in which the enclosure or ])an revolves and the rollers 
placed on a lived axis arc iti turn revolved by the pan. 

The action of the Edge runner combines true grinding or abrasion with true 
rolling or pressure. The center of the roller is rolling ujion the fragments 
while the two margins are sliding upon them; the outer is sliding forward, the 
inner backward. Tlii' nearer the margin the greater is the grinding action. It 
can hardly be a matter of doubt that, with light weight rollers, the rolling action, 
by supporting the weight of the roller, impedes the grinding, and that a roller, 
with the central jiart cut away, would grind more ra])idly than the usual form. 
On the other liand, with narrow, heavy weight wheels, where the pressure per 
square inch is very high, the rolling action is jirobably fully able to keep up with 
the grinding. For exaniiile '1’. A. Blake Inns reported that he tripled the capacity 
by making the runners narrower, thereby increasing the weight per square inch. 

The Uhilian form was originally used as a coarse grinder to prepare the ores 
for the arrastra. The modern fonns, however, have been used as fine grinders. 

At (luana.x’iiato, Mexico, there is an c-xample of the primitive form, consi.^ting 
of a single roller of iron or stone, rolling upon a journal on a short horizontal 
arm attached to and revolving with a vertical spindle. This short arm passes 
through the spindle and forms the long arm by which one mule operates the 
mill. The roller is 5.51 feet in diameter, 1.25 feet face wdth an iron tire 4 
inches thick. It rolls in an annular gutter 1.(53 feet wide, paved with iron. 
The mill ground 911 tons per week, to pass through a brass wire screen, having 
hok's 0.5 01 0.() inch diameter, at a cost of 5(1.79 cents ]ier ton. 

At the Haile gold mine. North Carolina, a modern Chili mill, shown in Fig. 
177, was used. It had (we rollers each 4 feet diameter, 8 inches face, weighing 
about one ton, with hard white-iron tires, 8 inches thick. The distance from 
outside to outside of the rollers w'as 50 inches. The central shaft made 40 
revolutions per minute, being driven by overhead beveled gears and horizontal 
pulleys. Its capacity per 24 hours was 90 tons of hard, tough quartzite crushi'd 
from \ inch diameter through 40 mesh. A trommel was used and the oversize 
was returned by an elevator. Of soft ores, 240 tons per 21 hours have been 
crushed. The wear was 12 pounds of iron per ton of ore. The quality of crush¬ 
ing is shown by the following sizing test: On 40 mesh, 8.30% ; through 40 on 
50 mesh, 5.01% ; through 50 on 60 mesh, 1.09% ; through 60 ou 70 mesh, 3.33% ; 

through 70 on 80 mesh,-%; through 80 on 90 mesh, 1.66%; through 90 

on 100 mesh,. 1.66%); through 100 mesh, 78.98%. 

C. W. Goodale reports an experiment in Montana in crushing jig middlings 
through a 100-mesh screen. The mill was 8 feet in diameter, had two rollers, 
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with IG-inch face, woif^liiiig ten tons each and making 12 revolutions per minute. 
They erushed If tons per hour. The speed of crushing was limited by iueflicient 
discharge. 

The i'ldge runner, when grinding clay, has a die perforated with holes through 
which the crushed material is discharged. The holes arc ^ inch diameter for 
hard fireclays and larger for more yilastic clays. The I'ldge runner is used in 
powder milis, and the rollers are held up from contact with the dies to avoid 
striking tire. In slow running Kdge runners the custom has sometimes been 
adopted of having the rollers at different distances from the center to distribute 


FIG. 177.— SECTION OF CHILI MILL. 



the work over a larger die. In fast running machines this would unbalance the 
machine and is not therefore adopted. 

The E. P. Allis Co. make an Edge runner in which the rollers are constructed 
on the caster principle so»tliat they will adjust themselves automatically. 

Chili mills with three rollers, made by L. C. Trent & Co., are used in Mill 49. 
A 6-foot mill, weighing about 25 tons, takes the ore which has been crushed ,.to 
^ inch by breakers and rolls, and reduces it to 60 mesh at the rate of 92.6 tons 
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in 24 hours when running at 35 revolutions per minute or 62.5 tons when run¬ 
ning at 22^ revolutions. 

Wethey* increased the capacity of a Trent Chili mill 25% by using moving 
feed spouts which delivered the ore continuously in front of oacli roller instead 
of at a fixed point. 

The following .sizing tests show the quality of work done by a 5-foot Trent 
Chili mill on oxidized ore, mainly quartz, crushed to pass through a 30-mesh 
sieve at the rate of one ton per hour. 



liefore Oruahing. 

After (’rushing. 


% 

% 

On 4 mesh (over 8.99 mm.). 

2.00 

0.000 

Through 4 on fi mtiBh (3.99 to 2.79 mm.). 

8.00 

0.000 

Through 0 on 10 mesh (2.79 to 2.01 mm ). 

23.55 

0.000 

Through 10 on 14 mesh (2.01 to 1.40 mmi.). 

14.50 

0.000 


10.85 

0.000 

Through 20 on 30 mesh (0.99 to 0.61 mm.)... 

7.15 

0 511 

Through 80 on 60 mesh (0.01 U> 0.25 mm.). 

9 45 

13.701 

Through 60 on 120 mesh (0.25 to 0.119 mm.). 

4.50 

1K.304 

Through 120 mesh (0.119 to o mm.). 

20.50 

67.864 

Totiii. 

100.00 

100.000 


A very friable lead and silver ore eriisheil by 15Xi)-ineli Blake breaker, 30X' 
14-ineh rolls set at jl inch and a 5-foot Chili mill running at ■!() revolutions per 
minute to jmss through an 8-mesli screen at the rate of -1 tons j)er hour gave the 
following: 



After the Roils. 

After the Chili 
Mill. 


n 

% 

Through 1 on 4 meah (26.4 to 8.99 mm.).<. 

89.869 

0.000 

Throngti 4oo 6 mesh (3.99 to 2.79 mm.). 

7.817 

0.000 

Through 0 on 10 mesh (2.79 to 2.01 mm.). 

2.814 

o.wo 

Through 10 on 14 mesh (2.0! to 1.40 mm.). 

0.000 

7.910 


0.000 

11 431 

Through 20 on 30 mesh (0.90 In 0.61 mm.). 

0.000 

11.362 

Through 80 mesh (0.01 to 0 mm.).*. 

0.000 

09.297 

Total... 

100.000 

100.000 


The Beyan Eoller Quartz Mill. 

§ 233. This is an Edge stone mill, with three rollers. The mill is made in 
two sizes, 4-foot and 5-foot diameter of pan. The former is shown in Fig. 178. 

A stationary cylindricrl center post stands up in the middle of the pan, to 
the top of which is keyed a branching support, which carries the two boxes of the 
horizontal driving shaft. Below this is fastened the horizontal bevel gear which 
receives power from the pinion. Still lower is fastened the revolving table 
which carries the three Journals of the rollers. The table is capable of vertical 
adjustment to comy)ensate for the wear of the rollers. The rollers arc Journalled 
into the .table with ball and socket Journals. After each roller are three steel 
arms carrying wire brushes to distribute the pulp. These may be made to assist 
or retard the discharge of pulp. Boiler tires of rolled steel are u.sed and can 
be replaced when worn out. The die ring is made of annular .'oetions, also 
replaceable, in ten parts for the five-foot mill, in eight for the four-foot. Amal¬ 
gamated plates when used are placed around the conical base of the center post. 
Table -163 shows details. The 4-foot mill is also made sectional. 


• Eng. and Uin. Jour., VoL LXVIII., (ISOO), p. 8 
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TABLE 153.— BKYAN MILL. 


or 

Diameter 
of Pan. 

Uevolutio’fi 
of TfiWo 
per Minute. 

Capacity 
per S4 
Hours. 

j Itollers. 

Weight 
of each 
BuUer , 
Tire. | 

Total 
Weight 
of Dies. 

WaterUsed 
per Hour. 

Horse 

Power 

liequired. 

Diameter. 

Width of 
Face, 

Weight of 
Each. 

Feet. 

5 

<1 

40 

L..”" 

' Tous. 

25 to 36 

J2 to2G 

Inchi'S. 

44 

i Inelu's. , 

l*ound«. 
3,oriU 1 

Pounds. 

1,100 

375 

Pminds. 

1,750 

1,100 

(Gallons. 
400 to 1,000 
300 U> 750 

10 

6 

- - -1—_1 


Tliis mill is ('specially adapted to miabiiig jig middlings, and it is also 
claimed to work well in crushing gold ores prc'paratnry to amalginnation. 

Mill L’() uses three S-Iool Jiryan mills with thre(( rollers, each weighing 3,800 
pounds, making 37 revolutions per minute. Each mill crushes 3 I tons in 24 
hours, i hey are led by Tulloch feeders with jig middlings through 3 mesh, No. 



no. 178.— PERSPECTIVE VIEW OF UUVAN MILL WITH THE SCREENS AND PART OP 

CA.SING REMOVED. 

12 B. W. G. wire, and on 14 me.sh. No. 22 wire, or in size 0.224 to 0.043 inches. 
The die ring is made of chilled ea.st iron, outer diameter 28J inches, inner diame¬ 
ter 21| inche.s, thickness 5 inches, weight 1,510 pound.?. .Tt co.sts 5 cents per 
pound and lasts 10 week,?, crushing 1,700 toms. The wear is O.OOfi pound per 
ton, or 4.53 cents per ton. The roller tires are attached by wooden wedges. 
Both chilled cast iron and rolled steel have been tried. The outer diameter of 
tires is 44 inches, inner diameter 36 inches, width of face 7 inches. The three 
tires weigh 3,268 pound.?. Chilled cast iron co.sts 5 cents per pound and lasts 
115 days or 2,760 tons. The wear is 1.18 pounds per ton, or 5.91 cents per ton. 
Steel tires weigh the same, coat 8.25 cents per pound, last 190 days or 4,560 tons. 
The wear js 0.7166 pound per ton, or 5.911 cents ])er ton. Kepairs other tliah ' 
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dies and tiros amount to $300 per year for each mill or 3.425 cents per ton. 
The screen is 30-inesli brass cloth, JMo. 30 B. W. G. wire, making the net size of 
hole 0.0213 inch. The ar(*a of scnsnis is 14X30 inches, and there are two of 
them in eacii mill. A .ret co.sts $1.40 and lasts 5 days or 120 tons. The cost is 
l.lfifi cents JUT ton. (lollecting the items, we have the following cost per ton: 
Boiler shells, .5.!)H cents; die ring.s, 4.53 cents; repairs, 3.425 cents; screen, 
1.1 OG cents; total for wear and repairs, 15.032 cents; power (estimated), 4.14 
cents; total cost, 10.172 cents. It should be said that this mill is located where 
freights are liigh. The {)ower required is 7J indicated horse power. The pulp 
goes to vaniKTS. 

Mill 20 lia.s eoinjiarcd the Huntington and the Bryan types and found that 
the ca|)acily and power arc the same. They both crushed about 1 ton per hour 
threugh 3(l-mesli wire cloth screen. The Bryan mill is nmre reliable than the 
llunlinglon. The Huntington mill requires much closer attention than the 
Bryan, as it is nuirh more easily deranged by irregularities of feed or wat(‘r. 
The wear is much higher and more uiKwen with the Huntington than w'ith the 
lii’yaii. The rormer is liabl<> to more stojijiages and loss of time than the latter, 
d’he lormer thi-ows away, when worn, of the wearing parts, the latter only 
25/e. 

H. A. H. d’uys* ha.s given conijiurativn rc.«ults of the work of stamp.s and a 
Bryan mill in crushing and amalgamating a gold ore. One month’s record was 
as follows: 


Av(«rfinj< vtiliK* of on* por ton. 

“ “ “ tailhiB'H por ton. 

l*orcontJii.»'* of « xlr.'u*|,ion.. 

Tons (THslu'd aurm); month .. 

Anmlaain tukcu from innrt-irs, 5n Troy ontmos.. 

‘ “ uprou piuios, in Troy ounces 

Totai aniali;am. in Troy oum-os. 

Approximato vaIuiM»f anmlt'jim. 

of aMmI;'um I'liuKht in moiur. 


1 Ihittorios N<i. 1 

No. 8 


'.indOdOSlninpK) 

uuU4(10StumpH) 

MiU. 

$]0.Od 

$21 72 

$22 42 

$4.00 

it.08 

$5.28 

w* 

77.07% 

76.45!{ 

748 

C14 

503 

996.672 j 

02r>.9400 

417.96 

726.020 ! 

017 5817 

1,120.13 

(X)U 

1,84.3.5226 

1,647.00 

10,700.42 

$10,875.30 

$8,700.24 

57.80 

50.22 

27.02 


Batteries No, 1 and 2 used round punched tin screens equivalent to lO-mesh 
wire sereens; 3 and 4 also nsed tin screens hut equivalent to 20-mesh wire 
si'H'cms; Ihe Bryan mill used Biissia iron slot punched sereems equivalent to 30- 
me.sh wire. The, tin screens had a jXTContago of opening of about 44% while 
the slotted screen had only about 17%. Tin or fine wire screens did not have 
the requisite strength to stand the blows of coarse rock in the Bryan mill. All 
the stamps dropped 7 indies and the height of discharge was 10 inches. Sizing 
tests of tiic tailings were a.s follows: 



Baforie'fl 

No. 1 and 2. 

nuttme.s 

No. 3 and 4. 

Hryan Mill 

Throuf'h .30 

"i 40 mosh. 

% 

0 1225 

% 

0 8897 

% 

0.67J15 

40 

“ .50 “ . 

0.813.5 

0.7895 

1.5188 

“ 50 

“ «} “ . 

1.2197 

1.36n 

8 4360 

“ 60 

“ 80 “ . 

8..SH0.5 

5.83-.’0 

7.0050 

“ 80 

“ 100 “ . 

17.8000 

7.62.32 

6.5700 

100 me«h.. 

77.0778 

84 2070 

70.7757 


This was an old style mill in which a pan above, keyed to the vertical shaft, 
rested on top of the rollers. Power W'as applied by a horizontal belt passing 

• Am. Imt. Min. Eng VoL XXIX., (1000), pp. 776, 1051 —— 



















ojtB BsBasorQ. 


m 


% 234 


around this pan. A ring on the underside of the pan served to take the wear 
where the pan traveled upon the rollers. Weights were put in the pan to help 
the crushing. A new ring weighing 560 pounds and 3 new tires weighing 1,350 
pounds total were worn in 156 days to 101 and 235 pounds respectively and 
were discarded. Dies weighing 994 pounds were worn to 497 pounds in the same 
time and were put back. The Bryan mill cost for iron and screens $0,175 per 
ton, while the stamps cost for iron and screens only $0.06 per ton. This is due 
to the low cost of iron for stamps. The actual wear of iron in 156 days was 
3,400 pounds for 10 stamps and only 2,904 pounds for the Bryan mill. To 
wear evenly the Bryan mill has to be babbitted periodically to keep it running 
true. 


Lakqley’s Improved Dry Crusher. 

§ 234. This is a double Edge stone mill, coo.sisting of a pan witli two rollers 
above and a pan with four rollers below. The.se parts are combined as follows: 
The vertical main shaft pass("s down through a hole in the iiiiper honzonlal 
roller shaft, which is fixed. The upper pan is keyed to the main shaft. The 
four lower roller.s are mounted, two on each end of a single .shaft which is at¬ 
tached to the under side of the upper pan by bracket hangers. Tlie upper 
pan and the lower rollers revolve therefore with the shaft. The upjier rollers 
are revolved on fixed horizontal axis by contact with their pan. 

The upper rollers weigh 15 cwt. (1,680 pounds) each, with faces 10 inches 
wide. The lower rollers each weigh 10 cwt. (1,120 pounds) to which may be 
added as much of the weight of the upper pan and rollers as is desired, the upper 
pan being partially sujiportcd by adjustahlo rods. 

Material from the Blake breaker is crushed in the upper p.an down to the size 
of shot, the lower pan then brings it down to 75 mesh if desired. The mill 
crushes 3 tons per hour through 50 mesh, consuming 8 to 10 horse power. 

The Soiiranz Mill. 

§ 235. This mill acts in a manner similar to rolls in that it crushes ore by 
pressure. Its construction (see Fig.s. 179a and 1795), reminds one somewhat of 
the Chili mill, but it entirely avoids the grinding action of that machine. 

The mill eonsir.ts of a revolving annular horizontal plate a with inner diameter 
of 450 mm., outer diameter 1,000 mm. and 50 mm. thick, weighing 412 kilos- 
The plate is slightly conical, sloping outwgrd 1 in 10. It makes 12 to 14 revolu¬ 
tions of the disc per minute and is drivcii by beveled gears RJi' whieli reduce 
the speed 4 to 1. 

Three truncated cones xyz with axes at 120'* with each other, rest upon the 
disc with their apexes inward. They have large bases 750 mm. and small bases 
475 mm. diameter re.‘-pectivoly and 275 mm. slant length. They revolve 30 to 
36 times per minute on shafts X hinged on adjustable pins H at the center and 
the compre.ssion springs P are applied at the outer ends. These cones consir»c 
of permanent cores mounted on shafts, with bearings at each end and wearing 
shoes or shells weighing 198 kilos each, which are fastened on the cores by draw 
bolts and are 55 mm. thick. 

The three cones treat the ore successively, the ore being fed in front of the 
first cone x. I'lach is pressed down by a spring P upon the revolving plate 
with greater force ^'liaii its predecessor. Thins the particles which fail to be 
crushed by the fir.st cone may be comminuted by the .second or by the third. 

Jots of water play upon eacli cone or upon the disc behind each cone and wash 
away the finer portions that have been rufficiently crushed. Behind the first 
and second cones and thei' water jet are scrapers to bring the ore toward th# 
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center in front of the next cone, counteracting the effect of the water. The mill 
haa no screen and requires a trommel to return the oversize. 



The mill is reported as crushing 1,460 kilograms per hour, of stuff through 8 
on 3 mm., using 97 liters of water per minute and 3 to 3^ horse power, yielding 
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the sizes here given: 3.2 to 2.4 mm., 6.95% ; 2.4 to 1.6 mm., 21.07% ; 1.6 to 0.9 
mm., 26.27%; 0.9 to 0.5 mm., 16.92%; 0.5 to 0.2 min., 15.81%; 0.2 to 0 mm., 
12.98%. For otlier sizing tests, sec Tablii 178. The iiiill is esjM'cially iula])t(’d 
for crushing piirtieles below 15 iiini. It does not work so a(lvinitag<‘i)nsly 
larger sizes. Kunhardt says that the mill is not.satisfactory above 8 mm. 

The wear found at Laurenberg^*’ in crushing through 8 on 2 inni. jig mid¬ 
dlings, consisting of quartz, spathic iron, galena, blende, etc., down to 2 mm. 
and less, is reported as follows: The three cones, weighing eacli lilH kilograms, 
wore in 982 days of 10 hours each, from 60 nuii. thick to 9, 16 and '24 mm. 
respectively. The disc weighing 412 kilos wore in 613 days of 10 hours from 
50 mm. to 15 mm. thick. By computation the weight of the worn disc was 288.5 
kilos and of the three eones 161.1 kilos, and the net wear of iiietMl ]icr l,()(IO-kilos 
ton cruslied was 0.060!) kilo made up of 0.O31 1 kilo for the disc and O.O'.’iio kilo 
for the cones. This is equal to O.J217 pounds <if stud woiai ])er ton of 2,01)0 
pounds. A second instance is given in fix' .same article, of tii<‘ wear whmi enisliing 
softer ore, which is 0.035 kilo ])er l,000-kiio.s ton or t).0718 pound pi'r 2,00()- 
pound ton. 


The Kikkead Mill. 

§2.36. This is a p.m mill (see Fig. ISt)), with a eonvev conical bottom nr die. 
Upon tliis operates a coinex conical inuller or shoe with gross weight of 3.100 
pounds. The inner jairt of the muller has an aja'x angle of ln5'. ami a corru¬ 
gated surface witli which to begin the cnasliijig ujxm the U-ineh feed liniij)s. The 
outer part is a much Hatter con<‘, or 150° ajjCN angle, and doi's Hie line crushing. 
The mill acts njion a gyratory principle. It has a spindle allaelied to tlie muller 
which gyrates at an angle of 51° away from tlie vertical line. 'I’lie gyraiory action 
gives a true crushing beiween ihe slux! and die at the eeiiier, liiit gives erusliing 
modified hv a liniiied amount of grinding lietwei'u the fine grinding surfaces. 
There are nine screen oiionings around tho circle, and curved s]ilasli-plafcs, liolieil 
to the tmiller, defieet tlie pulp against tlie sei'ceiis. For very line eni-iiing tlie 
screen ojieiiiiigs are closed and tlie ]nilp discharges over the side of ilie pan. 'I'iie 
niaehiiie has tlie advantage of very complete redistribution of tbe iiarlieles after 
each nip. It is adapted for crushing gold ore.s jirepariitory to anialgamalion or 
cyaniding, and also for crushing jig middlings. 

Its capacity, rniiiiiiig at 145 revnliitions iier minute, is 12 ions in 21 liours, 
reduced from 1J inches diameter tliroiigdi 10 mesli, using 3| liorse jiower. Tlio 
shoe is of eliromo steel and weighs about 900 ]ioiiiid.s. Tbe die is also of cliromo 
steel ill two pieces. Tho center die, for coarse crushing, weighs !)7 ])oiinds and has 
an apex angle of 120°. The main die for fine erusliing, which forms tlie sides a.s 
W'pll as the hotioiii of tlie pan, weighs 750 pounds and has an ajiex aiigli' of 150°. 
On the f'omstoek lode, Uevada, where these mills are evteiisivcly used, the shoe, 
and die last from It) to 13 montlis on hard quartz. This mill is classed among 
roller mills because of its ac+ion. In form it, would ajiyx ar to belong wdtli the 
amalgamating pan. 

The llrNTTynToir CEtfTnivuaAL IIolleu Mtt.t.. 

§ 237. This mill i.s u.-ed to do tho w'ork of a stamp mill In erushiiig gold ores, 
and serves as a fine grinder for rocriishing jig middlings. It is especially adapted 
for erusliing clayey ores. 

As shown ill Figs. 181 i and 1815, it works upon the principle" of Cornish 
rolls, only w'ith this dilTerence th.it the angle, of iiiyi is iinicli more acute, the 
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pressure is probably less powerful and the crushing is done under water while 
roUs crush dry or at most in a running stream of water. 

This mill crushes by the centrifugal force of steel rollers revolving against the 



PIU. ISO.—SUCTION OF THE KINKEAI) MIl.L. 


inner surface of a heavy horizontal steel ring or die. The rollers are susnended 
upon rods from horizontal arms by short trunnions allowing a swinu of the rod 
and roller in a direction radial from the central vertical shaft The vertical 
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suspending rod is provided with a head at the lower end and the roller has anti¬ 
friction washers, babbitted bearings and sleeve permitting free rotation ui)on it. 
The roller therefore takes on two classes of motion, namely, gyration aromul the 
central shaft and rotalion around its suspending rod. 'riieoretically, the ])ressure 
can be increased indefinitely by increasing the sjieed of rotation, but {iraidieally 
the available pressure is limited by the jar. If the jar was overcome it would 
still be limited by strength of the die ring. In Table ISt the centrifugal force 

} 1 // \' 

has been computed by the formula,* where lV=weiglit of roller in 


pounds; A’—radius of gyration in feet; A’=revolutions of central shaft ])cr 
minute; and f<'=eentrifugal force in pounds. 


TABLE 154.— CENTRIFUGAL FORCE. 


Size of Mill. 

Mean rHametA'i-j 
of Die Ring. | 

A'cmge Diain- 
eier of Roller. 

Tottil Weight 
of UoUer Avail 
able for Ihish. 

Rovolutinnaof 
('eiitral Shaft 
per Miiuite. 

Ihuliusof (lyrn- 
tion. 

Effeetivii Push 
of Roller. 

Feet. 

Feet. 

Feet. 

I’onnils. 


1' eet 

PouihIr. 

! 

8.88 1 

1.219 

470 ; 

90 

1 057 

I,if72 

b 

4.75 

1.3% f 

506 

70 

I 677 

1 1.-11S 

6 1 

5.479 1 

1.5B4 

617 1 

GO 

! l.iH7 

1,731 


Although the Huntington mill runs on the prineijile of rolls, it dws not have 
the positive spring of the latter. It follows that it must be even more earefully 
guarded again.st large.lump.s. It is fed with jiarticles nut larger than inch in 
diameter. 

The auapendiiig rods incline inward and downward, causing the roller to he i 
inch above the bottom at its outer edge and lij inelies above tlie bottom at its 
inner edge with tlie new roller. A removable annular disc or false bottom of east 
iron is placed in the bottom of the maebine to take the wear. 'I’iie roller may 
be rai.scd by using more washers above IIk; bend. Mercury is fed witli ore on 
the same plan as in the stamp mill. An adjustable scraper i.s placed in front of 
each roller to break up the inner bank and .throw the ori‘ in front of the roller. 

Since the machine has no inc'ans in itself of autonialie control of a feeder and 
if overfed is liable to choke, it follows'that it must be fed at a regular speed by 
a llelidy Challenge or a Tullocb feeder run iiulepeiidently. 'J'be feeding is 
done through a hopper at one side. 

The advantages claimed for the mill, as compared with gravity stamiis, are; 
Low first cost, less freight charges, small cost of (-rcction, small amount of power 
and that it is also a good amalgamator. The running cost, however, is high 
compared with rolls. 

0. W. Goodale-“ says that good judgment is necessarv to get sati.sfaetory re¬ 
sults; any overerowding of the mill causes the rollers to .-^lip which soon destroys 
the circular form; it is desirable to have an e.vtra mill owing to the frequent 
stopping for repairs; in regard to screens it behaves like a sta?np mill with high 
discharge, that is to say, a screen can be used that is larger than the limiting size' 
sought. 

The machine runs much like a free crushing roll and hence makes much less 
sliincs than the stamp'roill. The mill j,s made in three sizes (see Tables 154, 
155 and 150), 3J, 5 and 0 feet in diameter. 


• From Keut’s “Mech. Eug. PocketlKxik,” p, 423. 






PULVERIZERS OTHER THAN ORAVITT STAMPS. 


879 


§ 237 

















280 


ORB DRESSim. 


§ 237 


TAJil.E ISS.—FnASEn & CIIALMEUS FIGUKES ON HUNTINGTON MILL. 


Size of Mill. 

1 

Weight. 1 

Capacity l>er 

Water Used 

Horse Power. 

Itovolntions 

i 

Sj/e of Feed. 

Sorecii Used 

i 


24 Houi’s. 

jier Hour. 


per MnniU*. i 


Feet. 

Pounds, i 

Tons. 

(■Hllons. 



Inches. 



! 

12 

750 

4 

90 



ir>,(xw) : 

25 

1 1,000 to 1,2(K) 

6 

70 

H-D 

40 mesh. 


2-l,Uilf) 


1. 

< 8 

! 

55 








TAHLK 15(1.—FliA.SKK & CHALMEKS TABLE OF DIMENSIONS AND 'WEIGHTS. 


Size 


Die King. 



Height 

of 

Weight ^ 

1 

! M’eight 

1 of 

of 





OiitKide . 

Roller 

Shell. 

Mill. 

Inside 

Inanieter. 

: Thick- ; 
ness. 

Height. ' 

Weight. 

Diameter | 
of Hollers. I 

Roller.'i. 

■ False 
! DotUim. 

Feet. 

Ft. In. 

Inches. 

Jnchi's. , 

Pounds. 1 

Inches. 1 

Inches. 

pounds. 

Pounds. 

314 

3 4 

m 


303 ! 


Q 

ir>n 

.340 

6 

4 0 

2 

m 

G62 

icg 1 

Q 

170 

7a5 

6 1 

JTop....6 r> 

1 Bottt>in .5 

2 i 

2->.} 1 

8 ^ 

923 j 

10 I 

RM 

255 

1,105 


Ta1)iilaf(.'d data from Iho mills visited is given in Tables 157 to 159. The 
life of false bottoms is about a jear. 

TABLF. 157. —I’UIiPOSE, TOWER AND CAPACITY. 


AhbrevlatfmiJi.—.T.M.=JI k niMdlmjrs; J.T.=Ji{? tnUintfs; N(>.-iMinil;i‘r: TJi.-Throuffh; T.T =Ta!>Ifi taJIlnffR. 


Mill 

No. 

Number 

of 

Machines 

Used. 

Size 

of 

Ma¬ 

chine 

Number 
of Rollers 
in Rach 
Machine. 

llevolu 

tions 

jjor 

Minute. 

Feed 

Mntt'riiil. 

Feed 

Hizu. 

. "C 

Ill 

Si 

i 

Product. 

Oapaoityof 
Ka^ Ma* 
chine per 
24 Hours. 



Feet 




Mm. 




(ft) 21 

2 

SJ4 

8 

90 

J.T. and J.M 

3>itol9mesh 

6 

Th. 0.6.3 mm.: to No. 2 

16 









hydraulic classifier. 


27 

1 

5 

4 

75 

J.T. 

6.33 to 0 












bury vanners 


(0 as 

1 

a 

4 

68 

J.M. 

6 to 2 

8 

Th 2 min ; to No, 1 hv- 

(n)24 









draulic cliMsifler. 


3S 

4 

5 ' 

4 

OS 

J.M. 

2% to 0 


Th Ijr* mm.; to No. 8 

90 









hydraulic rlaswller. 


so 

4 

i 5* 

4 

65 

J.M. 

8^ too 


rii. 2^ mm.; to No, 3 

100 






1 



liydruulic clussiflm*. 












(d)4l 

1 

3>t 


101 

J.M. 

' 4 7610 0 


Th. 3.18 nmi.; to ligs. 

22 

(d)4y 

1 



70 

J.M. 

4.76 to 0 


Th. 3.18 uini ; to ligs. 

24 

80 

1 

5 

4 

72 

J.T. and T.T. 

3 to 40 mesh 


Through 0.42 mm.; to 

40 







1 


No. 5 trommel. 



(a) 10 tons in 10 houre. (6) Repairs other than tires, rolls and scnw'ns, SlOfl per year, (c) One man attwidi 
rolls, feeders, Huntioj^ton, and trommels, (dj Letter from F. G. Coggiu to Fraser & Chalmers, lius mill no 
longer uses them. 


TABLE 158. —DIB RINGS AND ROLLER SHELLS. 


Mill 

No. 

Piece. 

Material. 

Total 

Weight, 

New. 

Cost, New. 

Sell, Old, 
I>er Ton. 

Life. 

Gross 
Cost per 
Tod. 




Pounds. 



Wiy'kB. 



21 

RtoE. 

Rolled steel. 

400 

$29.00 

KEn 

12 

1,260 

3.802 




300 

24.75 

8.00 




27 


i* (4 






4 Rollers. 








28 













$55.00 





36 









Sreel ? . 







89 



610 




^BisTriS 









2^800 


86 














13 





■■■■■■ 
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TABLE 159. —^SCREENS. 


Abbrwiations.—D. Sl.=sBnhr slot: c. to o.=c»intor to conter; Hor. Sl.=HoriBontaI slot; Hor. 8t. B. 81.= 
Horizontul sLaKKcrod bubr Blot; iu.=iucli; H. 1. PI.-RiiRsia jron plato; St. Pl.=Steftl plate. 


Mill 

No. 

Material. 

Thick¬ 

ness. 


Area of 
oacb 
Scroon. 

Cost 
per Set 

Life, j 

Life. 

Cost per 
Ton. 

21 

27 

28 

88 

89 

66 

i 

Plato.j 

Inches. 

n ai., 0.025x0.375 In. (0.63x9.5 mm.) A 
iu. apart. 

Inches. 

0x21 

11.67 


Tons. 

120 

Cents. 

1.806 

at. PI....: 

St PI.... 
at. PI.... 

It I.PI... 

<«) 1 

0.065 

0.040 

0.095 

0.027 ; 

0.079 in. (2 mm ) round holes, A c. 

to c. 

Slots, O.OSOxUi in. (1.5x38.1 mtn.). 

Hor.SL, 0.1x>^ m (2.5x12.5 mm.) 14 in 
c. to c. 

Hor. St. 11. SI., 0.017x0.375 in. (0.43x9 5 
imn.) (0) 

1 

9x30 

6x28 

9x30 

8x28 

3.38 

24 to 86 

4 

14 

240 to 360 

360 

1,400 

1 408tu 0.089 

i 


1 



(a) Sinco \v^IUn^'the above a diagoual slotted screen has been KUbstituted. It Is 0 0397 inch thick and 
hasholiisO 02ir>x0.4(>.'nnch(0 55x11.8 mm.). The percentage of opemufj is 14.33por cent. This lasts 158hiftsof 12 
hour.s each and beep-^ Its stzo excellently until worn out by bursting through, which was not tlie case with the 
bnhr punched screen Wire scri*en» were found to choke in the Huntington mill, wJiile these thick heavy 
ecrceii.s do not. Tlf'Litter tried in the stamp mill gave trouble from choking. The buhr slot screen when 
worn out bad on ox>emug about 0.030 inch wide and about 8 per cent, opening. (6) This screen has 4.90 per 
cent, of opening. 

Tho following figures on the estimated cost of crushing by a Huntington mill 
arc given. Since tlie items may vary widely, it is obvious that these figures 
should not be too generally applied. 

Till' csliinatcil l•(l^t per ton for a .‘SJ-foot mill crushing through-inch (0.C3- 
niin.) screen at tlie rate of lli tons per 24 hours is:* Dio ring, 2.303 cents per 
ton; rollers, 3.!)3;i; jiowcr ($40 per 30.S days at 15 tons per day), 0.80.5; screens, 
1.308; altenilancii Tiiiin at .$3), 2.000; repairs, oil, etc. (.$100 per year), 
2.105; total, 12.510 cents per ton. 

3'lu' es'irnated cost ]ier ton for a 5-foot mill crushing through 0.1 inch 
(2J mill.) lit the rale of 100 tons per 21 hours iB:| Dio ring, 1.447 cents per ton; 
rollers, 2.20(''; power ($10 per 308 days at 100 tons per day), 0.129; screens, 
0.939; ,t( lei 1 dance ( iV iiiiin at $3), 0.300; repairs, oil, etc. (.$100 per year), 
2.105; tolal, 7.180 cents per ton. 

The Untie and Boston mill, Butte, Montan.a, found the cost to be 8.8 cents per 
ton exclusive of power, ns against 4.2 cents per ton for rolls at the Colorado 
Sinehiiig & Mining (lo. mill.**'' 

A .'if-foot Ifuntiiigton mill, running at 90 revolutions per minute, gave, when 
crushing -j^-inch conglomerate gravel in the Calumet and Hecla mill through 
two screens inch and one screen inch diameter round holes, a product which 
by sizing yielded: On 10 mesh, 4.8%; through 10 on 16 mesh, 22.2%; through 
16 on 30 mesh, 43.0%; through 30 on 60 mesh, 15.1% ; through 60 on 100 mesh, 
7.2%; through 100 mesh, 7.7%. The wear of iron was 1.06 pounds per ton of 
gravel ground. Table 160 shows a few capacities from other sources.’'*'’ All 


TABLE 160. —CAPACITIES. 


Mine. 

Mill 

Diameter. 

Revolu¬ 
tions per 
Minute. 

Screen. 

Capacity 
per 24 
Hours. 


Feet. 

6 

5 

5 

6 

50 to 56 

60 

Mesh. 

25 to AQ] 

25 to 30 

40 

40 

Tons. 

15 to 20 

10 to 12 

9 to 10 

24 




65 to 75 



(a) Tho ore Is of a slaty nature with quartz and a soft gouge. 


* Data mostly taken from Mill 21 of preceding tablea. 
t Data mostly taken from Mill 39 of preceding tablet. 
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four are California mines on or near the mother lode. SchnabeP"* says that 
a Huntington mill, near Tremnitz, Hungary, crushing quartz with 3% pyrite, 
7 to 8 grams gold, and 20 grams silver per 1,000 kilos, ied hy a Dodge breaker 
with lumps 5 cm. and loss, and running at 70 revolutions per minute, crushed 
12 tons in 21 hours, to jjass through slotted screen wilh 0.8-inm. slots. It re¬ 
quired 8 horse power. 

The Huntington mill made by Davey Paxnian & Co. in England is known 
as the Paxman mill. It differs from the American design in that the rollers 
are supported by collars ui)on the suspending rods instead of by heads at the 
ends of them. 

The Naeod Pulveeizer. 

§ 238. This machine works on the principle of the Huntington mill except 
that it is driven by a belt and pulley directly upon the central .diaft extended 
upward. There arc some differences in the method of suspending the rollers. 
The chief diffc'ronco, however, is the high speed of revolution and consequent 
increase of output due to the increased centrifugal force. Eigures given in 
catalogue, which are hacked by testimonials are given in Table IGl. The 


table 161. —NAUOD PULVERIZER. 


Capacity per 84 Hours 
on Quartz. 

Horse 
POWfT Ro- ' 
qiiired. | 

IlevolufionB 
per lUuiute. i 

ScroRD 

Arou. 

Weight. 

Food Size. 

Screen 

Uaed. 

Centrifugal 

Force. 

Tons. 

48 to 90, dry. 

I IS to SO 

140 

S(i Feot. 
18 

pounds. 

B,0IJ0 

Inulu's. 
to 1 

M(>sh. 

80 

Pounds. 

8.000 

84 to 48, wet. 

, IS to 80 

140 

18 

8,000 

Ktol 

1 

80 

8,000 


weight of the large ring or die is 500 pounds. The three roll shells weigh 210 
polinds eaeh and have a total swinging weight of about 300 pounds. 


The Griffin Roller Mill. 

§ 239. This consists of a single roller 31, suspended upon a vertical axis 1, 
rolling upon the inside of a die ring 70. (Sue Fig. 182). Power is applied by 
a belt to a 30-ineh pulley 17, revolving in a horizontal plane and jilaccd cen¬ 
trally over the ring. The pulley has two journals 27 and 26, attached above 'and 
below respectively, on which it runs; the supporting step or collar 21 is below 
the lower hearing; the axis of the roller passe.-' up through the lower journal and 
is attached to the center of the pulley by a universal joint 9, enabling it to 
receive rotation from the pulley and also to gyrate in its path around the die 
ring. 

The 30-inch mill weighs 10,500 pounds. The die ring is 30 inches inside 
diameter and weighs 250 pounds; the roller is 18 to 20 inches in diameter and 
its shell weighs 100 pounds. The width of contact between roller and die ring 
is 6 inches. Under the roller arc placed plows 5 to keep the ore stirred up. The 
die ring and shell last 8 to 10 days of 24 hours on the hardest quartz. On 
phosphate rock they last 7 months of 24 hour days.*’* The plows last the same 
length of time as the ring and shell. The roller revolves 190 to 200 times per 
minute on its own axis. The erushing operation is started by pushing the revolv¬ 
ing roller out of line until it touches the ring. It immediately bites upon the 
surface of the latter and the roller then rolls around on the inside of the die ring 
exerting a presssure, said to be 6,000 pounds, upon it. The number of gyra¬ 
tions per minute of an l87inch roller will be from 285 to 300 calculated accord¬ 
ing to the formula —1 where B is the inside diameter of the ring, dan 
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the outside diameter of the roller and N is the number of revolutions of the 
roller on its own axis for one gyration. 

The eurious fact will be noted that when the roller rotates to the right it 
will be found to gyrate backward or to the left. Th(> machine is not balanced 
and therefore requires a very solid foundation; 15 to 25 horse power are re¬ 
quired, according to the work it does. 



FIG. 182. - SECTIONAL VIEW OF 30-INCII GRIFFIN M’LL AKKANOED FOB DBT 

rULVEUIZING. 

The mill is fed with stuff 1| inches maximum diameter from a breaker and 
is constructed for dry or wet crushing. When used for dry it has fans 7 attached 
to the suspending rod 1 over the roller which force a current of air out through 
the screen to the screw conveyor below and dust chamber. When used wet 
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it has a screen placed all around the mill at a level just above the die ring. The 
mill is found to crush finer than this scream would indicate, for whem a t fi-mesh 
screen was used, 90% of the pul]) jeassed through (iO-iuesh screen. The 30-inch 
mill crushed per hour 3 to 4 tons of phosphate rock and 1J to 2^ tons of Portland 
cement or hard ([uartz according to the size. 

(1. A. Barnhart gives screening lest when using 30-uic.sh screen on gold ore, 
at Mammoth, Arizona: Through 30 on 40 mesh, 3.90%; through 40 on 00 mesh, 
33.03%; through 00 on 80 mesh, 5.54%; through 80 on 100 mesh, 0.67%; 
through 100 mesh, 50.37%. 

J. K. dc Lamar says that when fed by breaker each mill crushed 30 tons of the 
hardest rock in 24 hours to 40 mesh and finer without screening. The screen 
u.sed was 4 mesh. The mill makes c-xcellent pulp for cyanide leaching, better 
than either roll.s or starn]).s. With rolls the tailings ran $4.05; with Gritlin they 
ran from $0.89 to $1.05 per ton. 

Parkhurst & WBiipple say it crushes 40 to 50 tons per day of Breekcnridge, 
Oolo., ore, with a cost of wearing parts not to c.Nceed 10 cents j)er ton. P. M. 
.Johnson, Gunnison, Goto., and .1. 11. Kdwards, Morrisville, Va., both say running 
cost will not exceed that of a stamp mill. 

The Oahu Disintegrator. 

S 240. This machine, originally invcntc<l in England, is known in the United 
Slates as the Stedman, and in Germany as the Brink & iliibner. This is a 
true impact crusher and consists of several oppositely revolving cages of round 
bars. Kragments of coal, or other material fed in the center, arc struck by the 
bars of the inner eage, being partly broken, and receive tangimtial velocity in 
one direction as they jmss outward. The bars of the second eage, revolving 
rapidly in the o()po.site direction, meet the particles and strike them blows of 
double energy. 'J’he third and the fourth cages of bars repeat this work, reduc¬ 
ing the size of the particles at each cage. 

Fig. 1H3rt shows the machine in section, which consists of two disc.s; one car¬ 
ries two cages of forward, the other, two cages of backward revolving bars. Each 
cage is reinforced b'y a ring at the ojiposite end of the bars. Each disc is mounted 
on a flange with a shaft, two bcaring.«, a ])ulley and a fly wheel. Fig. 1835 sliows 
the pillow blocks slipped from their places to allow the disc,s to be j)ulled apart 
for repairs; it also shows the removable housing which has a feed hopper at the 
side and a delivery spopt below. 

The Stedman machines arc made in five sizes, ranging from 30 to 50 inches 
in diameter. The bars vary from 1 to inches in diameter aet-ording to the 
size of the machine. Steel bars give the best wear. The length of the bars 
increases outward from the center, diminishing the tendency to clog. 

A bar projecting into the inner cage breaks lumps and prevents banks. Two 
revolviiig scrapers attached to the outer cage prevent aeeuniulation in the hous¬ 
ing. The machine is not' suited for very hard materials on account of rapid 
wear, but it is e.xtensively used for coal, especially in briquet manufacturing, 
as it is a good mixer for the cementing material as well as a good pulverizer. 
For eoal it should be run dry; not more than 4 or 6% moisture is allowed. With 
hard substances water may be u.sed and frequent cleaning is then not necessary. 

The Garr machine at Ahun collieries, must be cleaned every tw'clve hours 
when crushing eoal with 3% moi.sturc, evoi-y 4 hours with 6% moisture. One 
half hour is coiusumcd in cleaning. The fineness can be regulated by the speed, 
and the capacity dimiiikhcs with the fineness. The capacity also diminishes 
with Bie wear of the bars. 
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Seal.' Xln.-1 f<>"‘ 



PIO. 1813(7. -SE('TIO,N' OF KTHD.VIAN^ DISINTEGRATOR. 



FIG. 183i.— FFUSVUCTIVF OF THE KTEDMAN 1«,S1.\'THOR.\TOU WITH ]10DSINQ 
RAISED AND OAI^E.S FULLED AFAKT. 

The (li'lails of Ibe <^aiT miidiiuF aro given in Table 162 and capacities of the 
Stednian and ll.e hrink and llubiier are given in Tables 163 to 166. 

At blagle. VVi-st Virginia, a IS-ineh .Sti'dnian machine crushes 300 to 350 tons 
of coal per day of 10 hours to the size of cracked wheat. 


TABLE 162.—CARR DISTNTEORATOU.**’ 


Ring. 

Diameter of 
Rinf?. 

Number of 
Bant. 

Diameter of 
Bars, (a) 

Length of 
Bar. 

Space Apart 
of Bars. 


Meti rs. 


Mm. 

Mm. 

Mm. 


i.e 

84 

26 

800 

110.9 


1.03 

SI 

87 

250 

1M.4 


0.»44 

27 

80 

260 

08.8 

Fourth. 

0.676 

23 

85 

850 

92.8 


(a) The bars on the two outer rings ftre round; those on the two inner are square. 
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TABLE lf)3.—CAPACITY OF RTEDMAN, CRUSHING FERTILIZERS. 


Diameter. 

Revolutions 

Capacity wr 10 
Hours on Bones 

TIorae. Bower 

per Minuie. 

Required. 

Inuhe.s. 


Toii.H. 


.50. 

.550 

20 to .50 

35 to 45 

41. 

.550 to 000 

12 to 2.5 

25 tr) .50 

40. 

.5.50 to 000 

8 to 25 

20 to 2.5 

42 . 

6fl0 to 650 

7 to 18 

12 tf> 18 

H6. 

600 fn 050 

6 to 12 

12 to 15 

80. 

700 

2 to 5 

6 to 9 


TABLE Ifil.—CAPACITY OF STEDMAN, CRUSHING COAL. 


Diameter. 



Capacity per 10 
iroui'8 

Tons. 

175 to 200 
2(X) to 2.50 
850 to -too 
500 


Horse Power 
Required (a) 


8510 50 
40 to 
70 to 100 
100 to 125 


(a) 1 horse power per every 4 or 5 ton.s treated in 10 hours. 


TABLE 10.5.—CAPACITY OF STEDMAN, CUUSIIINO CLAY. 


Diaint'ter. 

Revolutions 
IH«r Mmutd?, 

Capacity per 10 Ilours. 

Hopse Power 

Inches. 

3fi. 

COO to 700 

600 to 650 

Clay for 15,000 to 25,000 brjcks. 
Cluy for 2,5,01)0 to 35,000 )>ricks 

12 to 15 

15 to 20 

40. 



TABLE 100.“"''’—CAPACITY OF A BRINK AND UUBNEH AT MANNHEIM. («) 


Kind of Feed. 

Size of Food. 

R(*volutiong 
piT Minute. 

Capacity per 
Hour Lhroutfh 
2 mm. 

Water per 
Minute. 

Iior.se Power, 
i (indicated ) 


Mtn. 


Kilos. 



middlings.. 

4 

4C0 

2,300 

7fl 

0to7 

J.g mUiUmgs. 

6 

460 

1,600 

78 

6 t«>7 

JIk middlings. 

9 

460 

1,200 

7H : 

6 to 7 

Blende and lead sand.\. 

4 

460 

8,000 , 

78 


Blende and load sand. 

C 

4ri0 

2,700 

7H 


Blende and lead, sand. 

9 

460 

2.600 

78 

BU)9 


(o) The diameter of the ouier rnii; of the machine was flop mm. Tlio pnKlnct iiad 07^ over 0 85 mm., 12^ 
between 0.35 and 0.1 nun., and 1H;J below 0.1 mm. Yearly statistics show the wear to be about four times tiiat 
of rolls. 


Stuhtevant Mills. 

§241. This cousists of a cylindrical die ring A, (Fig. 184), with horizontal 
axis. Entering the two ends of it and facing each other are two cups I). Those 
are mounted on horizontal shafts E with pulleys F and are revolved at high 
speed, usually in opposite directions. The two cujis 71 quickly till up with com¬ 
pacted crushed rock to conical concave surfaces, and crushing then takes place 
when ore is fed in through the hopper G above by blows rcanved from the cups 
and from lump hitting lump. 

The die ring A is made up of small sections, of chilled cast iron, 4 inches 
wide and 5 inches long, laid around the cylinder. They are perforated with 
slots J inch wide, 3J inches long, with bars inch thick between them. The 
Tipper portion of the die riijg is left out to provide for the feed hopper. A 
housing H of cast iron is placed all around the die ring and conveys the crushed 
ore to the hopper K beneath. The air within the housing is exhausted by a 
suction fan to remove fine dust 






















FIG. 184. —HALF SECTION AND HALF ELEVATION OF THE STCETEVANT MILL 
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This housing, with its axis lengthwise, is bolted firmly to the center of a long 
bed plate L. The two boxes B of each shaft are mounted upon short bed plates 
M, sliding in guides, which are in turn bolted to the long bed plate, L. This 
construction gives perfect freedom for sliding the cu])s witls their shafts and bed 
plati's toward the housing for taking up the wear on bushings, which is done 
about every live hours on hard materials, not for days on some soft materials, or 
away from the central housing for re])laeiug bushings and serc'eu blocks. 

The wear takes jilace on the ends of the cups 1) and on the chilled sections of 
the die ring A. Tlie former is made good by llie use of replaceable liusliings, 
the latter by replacing the die sections when they are worn out. The sizes, 
speeds, capacities and power rwpiired are givcm in Table 1()7. On traj), granite 
and quartzite, ,1. Heard, .Ir. obtained the following in an <S-inch mil): 'riiroiigh 
8 on 10 mesh, 7.4%; through 10 on 20 mesh, 19.8; tlirougli 20 on 90 mesli, 

TAULK 1()7.— STUIiTliVANT M]U,. 


Diameter of Capacity per llevoltitUms Horst' J^ower 
Cup luflide, 24 Hours. jwr Sliiiutt'. liequired. 


Material 

Crushed. 


Siflioffeed. SijeofProd- 
not, 


8. 18 1,800 20 Quartz. 3 20 

I ^ ) n^hosphato... 4 10 

18... i r 1'^ ^ -^Haryta. 4 IB 

( 130 to 102 I Coppermatte 3 H 

\ 144 10 168 \ fPliosphate... 4 10 (u) 

15-*.. I 144 to 1B8 ! 1,000 60 1 Tiuquartz... 4 Hi) {h) 

I 240 j ' Limestouo... 4 14 m. 

I 240 J ilrouoro. U in. 

f 648 to 730 1 {Iron ore. 5 lo 6 ‘o. 

j Ducklown.. K*.. i» .a 

30.............. { S84 ? 850 60 to75 • {oopper or«. *>tuu 16 

I 288 Phosphate... 5 to 6 10(a) 

[ 108 to 360 In.Y, cement 6 to 6 10 

(c) Throuph 10 ots 60 n»esi», 40j«: through 00 mesh, iXW. (6) Tlirough SO on 30 mesh, tiirougli JIO on 40 
mesh, 7.5^: throuKh 40 uu 50 mesh, lO.UjC; Uiruugh 60 ou 00 mesh, 1.35;e; Uirough 00 uu 70 moKh, 10.35i(: thruuirli 
70 nuwh, 43.50^. 

11.5%; through 30 on 40 mesh, 5.0%; through 40 on 50 mesh, 5.0%; tlirough 
50 on 00 me.sli, 5.0%; through 60 on 70 mesh, 5.0%; through 70 on 80 mush, 
1.0%; through 80 on 90 mesh, 1.7%; tlirough 90 on 100 mesh, 2.5%; through 
100 on 120 mesli, 7.0%; through 120 on 140 mesh, 0.5%; through 140 mesh, 

22.070. 

The bushings which arc Ig- inches thick and enter the die ring about Ij inches, 
tvear about | inch per 20 hours when erusliiug magnetic iron ore or (piartz in a 
20-inch mill. Hoffman''^’’ reports tliat one eom])lcte set of bushiiigs and screen 
blocks, weighing 1,000 pounds for a 20-ineh mill, crush 4,000 to 0,000 tons of 
Port Henry magnetite corresponding to 0.107 jsmnds of metal worn out per ton 
of ore crushed. Sahlin^'"” claims to have evidence tliat a .set will crush only GOO 
tons. 

The mill is suited only for dry crusliing from 4 inelu's down to 20 nu'sh. The 
work of this mill is said to ho selective and acts uj)on the mini'rals somewlint in 
•proportion to their hardiie.ss and tenacity. For c.xaniplo, Wm. Fo.ster found, 
when working the tin ore of Irish Creel:, Va., that the cassiterite, being harder 
than the gangue rock, had a larger per cent, of e iarser grains than the latt('r. 
This favonid the subsequent concentration. This quality, however, in case of 
soft ores like galena or chaleopyritc would be adv(>rse to the mill as the softer 
minerals would probably slime more than the gangue. 


■ Cyclone Pulverizer. 

§ 242. This machine conBists of two fans, with six arms each, in the form oi 
propeller blades facing one another and making from 1,000 to 3,000 revolutions 












§ 243 


PULVBRIZBBa OTSBB TBAB OBAriTT STAMPS. 


per minute in opposite directions. In the earlier form the shafts were inclined 
upward, in the later they are horizontal. The two fans are placed a few inches 
apart and a piece of ore; fed between them is batted from one to the other, the 
vorte.x of air contributing to the eru.shing action. The disintegration is due to 
impact. The chamber in which the crushing is done is in the furin of two trun¬ 
cated cones, the bases of wliich are united by a short cylinder; this is made of 
plate iron and is lined with chilled cast iron liners. Tin* ore is fed by roller feed¬ 
ers and is discharged by a suction fan. The feed should be of nut size. Table 
168 shows the details. 


TAliLE 168.—eVOLONE I’ULVEUIZEIt. 


1 

Size. 

Dhiineter of 1 
Ftins. 

Weight of Hoplaoeablo 
Fiiii Bkuk*s. 

IIoi’so power Uun- 
iiiijti Kinpty. 

Horsrt Power j 
tlnishiiiK. ' 

Capacity per 24 Honrs. 


iDchos. 

I'oJiidB. 



Pounds. 

1. 

U 

it.ST) 


17 

10,080 tliiity quartz. 

3 . 


13.2 


24,720 of plumbago. 

3 . 

32 

22 








He.-semcr steel with O.li to 0.4% carbon has been adoi)ted as best material for 
blades. On raw luxating cinder oiu' set of blades lasted y8,()0() jxnmds, costing 
11 cents per ton for wi'ar. 'I’lio mill is used for crushing tale, grai)hite, slugs, 
etc., wliere very line grinding is desired. 

WlIELriiEY AND STOEEB PULVERIZER. 

§ 243. This is cylindrical in shape with a horizontal shaft revolving 1,025 
times p(‘r minute. On it an' four hubs with six ])addles each. Tlie ore is ted 
at one ciid through a hopiier and ])asses in front of the paddles of the first throe 
wheels in succession, being broken by impact against the paddles, the shell, and 
of particle agaimst particle. The fourth jiaddle wheel is a suction fan drawing 
a blast of air throngli the mill and discharging the crushed ore at its eireumfor- 
ence through a tangential orifice like that of fan blowers; 15 horse pow’er will 
crush 18 Ions in 24 hours, of which 80% will go through a 100-mesh sieve. 

Dr. W. 11. names’ modification of this mill at Wine Harbor, Nova Scotia, is 
50 inches in diameter, makes 800 to 880 revolutions jier minute and crushes 
24 tons per 24 hours of hard dry quartz from 2 mesh through 80 mesh, using 12 
horse power. The wear of iron is 3 pounds per ton. 

Vapaet’s Disintegeatoe. 

g 244. This eonsists of three rapidly revolving horizontal discs, one above the 
other, with radial fins on their .surfaces Ore is fed at the center of the top 
disc and is thrown by centrifugal force against a surrounding ring and broken 
by impact. The ere's then delivered by a chute to the center of the second disc 
and is thrown out again. The same action is repeated on the third disc. It is 
claimed that the impact due to this machine can he so perfectly adjusted that 
blende, for examjile. may be broken while pyrite is not, and a sieve will then 
separate the fine blende from the coarse pyrite. A description of this process 
of disintegration and screening as used at Lintorf is given in §615. 

Biulioohapiit fob Puiverizers other than Gravity Stamps. 

Ajsrastra * 

1. Egleston, T., (1887 and 1890), “Metallurgy,” Vol. I., p. 270; Vol. II., pp. 363, 

388. Description, capacity, power, wear or cost, method of working, advan- 
tages and disadvantages. 

2. Gactzschmann, M. F., (1804), “Aiifbereitung,” Vol. I., p. 662. Description, 

capacity and power. 
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3. Hunt, R., (1884), “British Mining,” p. 742. Description, capacity and power. 

4. Louis, 11., (1894), “Gold Milling,” pp. 243, 249. Description, capacity, power and 

iiietliod of working. 

6. Phillips, J. A., ( 1887), “Metallurgy,” pp. 885, 791, 793. Description, capacity, 

wear or cost and method of working. 

C. Rose, T. K., (1894), “Gold,” p. 87. Description, capacity, wear or cost, method 
of working and advantages and disadvantages. 

7. .4»I. IhkI. Min. Eng., Vol. XL, (1882), ji. (13. H. E. Chism. Description, cajjac- 

ity, power, wear or cost and method of working at Siin Dima.s, Mevico. 

8. ling. «. lliitt. '/jcit., Vol. LVL, (1897 ), p. 34(1. li. Kuochenhauer. Description 

and capacity. 

9. ViiL Hull., Xo. (i, (189,’)), p. 58. E. B. Preston. Description, capacity, power 

and method of working. 

10. Val. Hep., Vol. XL, (1891-2), p. 315. J. B. llohson and K. A. WilLsce. Descrip¬ 

tion, eapaoty, wear or cost, method of W'orking, advantages and disadvan¬ 
tages and wafer used, at Smart.svillc and Mooney Elat. 

11. Cull. Eng., Vol. XVll., (1897), p. 207. 11. Van E. Eurmau. Description and 

advantages and disadvantages. 

12. Eng. it Miii. .luiir., Vol. XX.Vlll., (1882), p. 104. M. Rnl. Description, capacity, 

power, method of working and water used, at Guanaxuato, Mexico. 

13. Min. lull., V'ol. 111., (1894), p. 343. L. Janiu, dr. Description, capacity, wear 

or co,st and method of working. 

14. Min. it Hci. I'resn, Vol. Lll., (188(1), p. 237. Ko author. Dcscri]>tion. 

15. Iliid., Vol. liXVll., (1893), ji, 277. d. A. Edmun. Dcscrijition, capacity, wear 

or coat and method of working. 

10. Ibid., Vol. LXX., (1895), p. 2(19. Xo author. Description, capacity, wear or 
cost and advantages and disadvantages. 

17. Ibid., Vol. LXXIV., (1897), p. 341. No author. Dcsoriiition, ca])aeity, liower, 

wear or cost and methixl of working. 

18. North Eng. Inst. .Win. it Mirlt. Eng., Vol. XLII., (1892-3), p. 87. A. 0. Charle- 

ton. Description, cajiacity, wear or cost, method of working and advantages 
and disadvantages. General article, on various procease.s. 

19. Prod, (lold it- iS'i/acr in U. «., (1880), p. 347. Description, capacity and [lower of 

Paul's arrastra. 

20. Tenth U. H. Census, Vol. XIII., <1880), p. 280. 8. E. Emmons and G. F. 

Becker. Desenjition, capacity, jiowcr, wear ur cost and advantages and dis¬ 
advantages. 

Howland Mill, No. 2. 

21. Eng. it Mtn. Jour., Vol. XXXIV., (1882), p. 211. Ko author. Description, 

capacity and power. 

Amalqamatinq Pans: 

22. Egleston, T:, (1887 and 1890), “Metallurgy,” Vol. I., p. 308; Vol. II., p. 52(5. 

Description, ca))aeity, wear or cost and method of working, of several pans. 

23. Eissler, M., (1890), “Metallurgy Gold,” p. 50. l)e.scri])tion and method of work¬ 

ing, of several [lans. 

24. Ibid., (1891), "Metallurgy Silver,” pp. 02, 119, ."40. De.scription, capacity, wear 

or co.st and method of working, of several pans. 

25. Gactzschmann, M. (1804), "Aufbereitung,” Vol. I., p. 550. Description of an 

old form. 

20. King, Glarenec, (1870), “Geol, Exp. 40th Parallel,” Vol. III., pp. 197, 218. 
Description, capacity and raethoil of working. Elaborate article, on several 
pans. 

27. Lock, A. G., (1882), “Gold,” p. 1035, Description, capacity and method of 

working. 

28. Phillips, J. A,, (1887), “Metallurgy,” p, 700. Description, capacity and method 

of working, of several pans. 

29. Rickard, T. A., (1897), "Stamp Milling,” p]). 110, 123, 172. Description, wear or 

cost, method of working, of several pans. 

30. Rose, T. K., (1894), “Gold,” p. 1.55. Description and method of working. 

31. Ain. Inst. Min. Eng., Vol. II., ( 1.874), ]>. 1.59. ,7. M. Adams. Method of working. 

32. Ibid,, Vol. Vlll., (1880), p. .550. R. P. Rothwell. Capacity, wear or cost and 

method of working, at Ontario mill. 

33. Ibid., Vol. XI., (1882), p. 91. VV. L. Austin. Description, capacity and method 

of working, of Brtks system at Harshaw mill. 

34. Ibid., Vol. XV., (1887), p. 601. J. A. Church. Method of working at Tomb¬ 

stone. ^ 

35. Ibid., p. 733. W. Llndgren. Method of working of Boss system at Calico, Cal.' 
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36. Ihid.^ Vol. XIX., (1890), p. 195. A. D. Hodges. Description, capacity, wear or 

cost and method of working. Historical article on Comstock lode. 

37. Ann. dcs Mincn, Series VJL, Vol. VI., ( 1874), p. 28. H. L. Rurthe. Description, 

wear or cost, method of working and advantages and disadvantages, of the 
Varney pan. 

38. Berg. u. lldtt, ZcU.^ Vol. XXXIX., (1880), j). 3.50. T. Hgicston. Method of 

working. 

39. Coll. Bug., Vol. XVII., (1897), p. 344. 11. Van F. Furman. Description, capac¬ 

ity, and method of working. Cem’ral artich*. 

40. Engineering, Vol. XXVHI., (1879), p. 43. T. Egleston. Description and method 

of working. 

41. Eng. d Min. Jour., Vol. XIV., (1872), p. 417. No author. Description of the 

Wheeler ])an. 

42. Ibid., V'ol. XV., (1873), p. 1. No author. Description of the Horn pan. 

43. Ibid., ]). 17. N<» author. Descriptum t»f the Patton jian. 

44. ibid., Vol. XVi!., ( 1874), p. 305. J. M. Adams. Method of working. Same as 

A. 1. M. E., Vol. II., p. 159. 

45. Ibid., Vol. XXXI., (1881), p. 179. VV. L. Austin. Method of working of Boss 

systeni. 

40. Ibid., \'ol. XXXiV., (1882), p. 207. F. A. Lowe. Method of working at I3ato- 
pilas, Me.Kieo. 

47. Ibtd.. p. 308. \\. L. Austin. Description, capacity and method of working. Ab¬ 

stract of A. I. M. E., Vol. XI., p. 91. 

48. Ibid., Vol. XLIII., ( 1887), p. 274. .1. A. Church. Method of working. Ab- 

Ptraet of A. I. M E., Vol. XV.. p. 601. 

49 Ibid., Vol. IJ., (1890), p. 205. A. D. Hodges. Deseri]»tion, ea]>aeity, wear or 
cost and method of working. Abstract of A. I. M. E.j Vo). XIX., p. 195. 

50. Ibid., \'ol. LX., (1895), p. 50(1. L. W. ’i’atuni. Method of working. 

51. (icnie Cu'ii, Vol. XXV., (1894), p. 110. P. Ferrund. Method of working at 

Uuro Preto, BraKil. 

52. Inst. ('ii\ Eng., Vol. CVIIL, (1892), p. 128. A. U. (hirtis. Description of Ber¬ 

dan’s pan. 

53. Min. hid., Vol. 111., (1894), p. 348. L. Janin. iFr. Method of working. 

64. M -t. <t* Eoi. Press, Vol. JJX., ( 1889), p. 297. No author. Description of the Boss 
pn n. 

55. Pled, (told tt EiJovr in (J. S., (1881), p, 500. C. (L Yale. Description of the 
ilu'.tingtoii pun. 

50. EagmoiuPs Peg., (1870), p. 083. R. VV. Raymond. Description of the several 
]ianR. 

57. Ibid., (1871). p. 395. li. \V. Raymond. Description, wear or cost and method 
ot working, of several pans. 

.58. Ibid., (1873), p. 405. R. \V, i^uymond. Description and capacity, of several pans. 

69. Ibid., ( 1874), p. 407. d. M. Adams. Method of working. Same as A. I M. E. 

Vol. 11., p. L59. 

(K). Tenth U. E. f'eusus, V'ol. XIH., (1880), p. 258. S. F. Frnmons and G. F. Becker. 

Description. ea])acil.y. wear or cost and niethod of working, of several pans. 

61. Zeii. Berg. Unit. n. Eiftineinocsen, Vol. XXVJ., (1878). p. 571. Koch. Descrip¬ 
tion, capacity and method of working, on Comstock lode. 

Clean Up Pan: 

02. Rose, T. K., (1894), “Gold,” p. 128. Description. 

03. Cal. Bull., No. 6, {lS95), p. 29. K, B. J^reston. Description, power and method 
of working. 

04. Call. Eng. Vr.l. XV^L. (1897), p. 302. H. Van F. Furman. Description. 
Geibt Mtix or Bttiirsto.^k Mill: 

05. Guotzschniunn, M. F-. (1864), “Aufbereitung,” Vol. I., p. 538. Description, 
capacity and power. 

00. Hunt. R., ('SH4), “British Mining,” p. 741. Capacity. 

()7. Kittinger, F. 1\. von, (1807), “Aufbereituiigskunde,” p. .52. Description, capacity 
and power, 

(»H. Am. Inst. Min. Eng., V^nl XXL, (1892), p. 587. A. Sf ilin. Capacity, power and 
wear or cost, in grinding talc. 

Rock Emery Mill: 

09. Eng. Min. Jour., Vol, LXI, (1890), p. 250. No author. Description. 
Fbobel’s Mill: 

70. Freiborger Jahrb., (1880), p. 14, A. F. Wappler. Description, capacity and 

wear or cost. 
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Cabbt Mill: 

71. Eng. d Min. Jour., Vol. XLVII., (1889), p. 119. No author. Description. 
KoLsnoRN & Streckeb’s Gbzndeb: 

72. Thon-Ind, Zeit., Vol. XX., (1896), p. 714, No author. Description. 

CuMUiNGS Mill: 

73. Am. Inst. Min. Eng., Vol. XXL, (1892), p. 61C. 0. M. Ball. Description, 

capacity, power and wear or cost. 

Cone Mill: 

74. Gaetzschmann, M. F., (1864), “Aufbcreitunp,” Vol. I., p. 507. Description, 

capacity, power and advantages and disadvantages. 

76. Laniprecht, fe., (1888), “Kohlenaufbereitung,” p. 8, Description, capacity and 

power. 

70. Rittinger, P. R. von, (1867), “Aufbercitungskmidc, p. 53. Description, capacity, 
power nxjd wear or cost. 

77. Am. Inst. Min. Eng,, Vol. XVI., (1888), p. 081. O. llort'man. Description of a 

modified form with very Hat eoiic. 

78. Engineering, Vol. XV., (1873), p, 375. No author. Description of a mill without 

teeth. 

79. Eng. <£ Min. Jour., Vol. XXIL, (1870), p. 290. No author. Description of a 

form called Baugh’s mill. 

80. Min. d Eci. Press, Vol. LVlii., (1880), p. 247. No author. Description. 
Sample Grinder: 

81. Voll. Eng., Vol. XVIL, (1897), p. 207. 11. Van F. Furman. Description. 
Nicholas Pulverizer; 

82. Gaetzschmann, M. F., (1864), “Aufbereitung,” Vol. I., p. 504. Description of 

several mills acting on same principle as Nicholas. 

83. Hunt, K., (1884), “British Mining,” p. 74U. Description, capacity und power. 

Sizing tests. 

84. Berg. u. liiitt. Zeit., Vol. XLIV., (1885), p. 550. B. Kossniann. Deserijjtion, 

capacity and power, compared to others. 

85. Rev. des Mines, V^ol. XXL, (1893), p. 311. L. Demarct. Description, capacity 

and power. 

Hedcrli Mill: 

80. Bilharz, 0., (189G), “Mcch. Aufbcrcitung,” Vol. L, p. 120. Descri])tion, capacity, 
power and wear or cost. 

87. Kunhardt, W. B., (1884), “Ore Dressing,” p. 52. DcscrijitUm, eajiaeily, wear or 

cost and water used. Quality of crushing. 

88. Linkenbach, C., (1887), “Aufhercitung der Krze,” p. 42. Description, capacity, 

power, wear or cost and water used. Comparison with Schranz mill. 

89. Berg. u. fliitt. Jahrh., Vol, XXX., (1882), p. 24. J. llaheriiuinn. Bieve attach¬ 

ment. 

00. Berg. u. Hull. Zeit., Vol. XXXVIL, (187H), p. 159. F.. irchorle. Description, 
capacity, advantages and disadvantages and water used. 

91. Ibid., Vol. XL., (1881), p. 154. J. Hahermann. Description and advantages 

and disadvantages. Abstract from Ocst. Zeit., Vol. XXVilL 

92. Ibid., p. 400. K. Heherle. Description, cajiaeity, wear or cost, advantages and 

disadvantages and water used. Results of tests for extraction. 

93. Ibid., Vol. XLIL, (1883), p. 80. No author. Capacity and wear or cost, at 

Tarnowitz. 

94. Dinylcr*8 Polyt. Jour., Vol. 233, (1879), p. 3G.5. No author. Description. 

95. Ibid., Vol. 237, (1880), p. 189. No author. Description. Quality of crushing. 

96. Eng. d Min. Jour., Vol. XXXII., (1881). p. 371. K. Heherle. Description, 

and capacity. Abstract from B. d H. Z., Vol. XL., p. 400. 

97. Ibid., Vol. LllL, (1802), p. 665, J, W. Meier. Description, capacity, wear or 

cost and advantages and disadvantages. Abstract from Ocst. Zeit., Vol. 
XXVIII. 

98. Ocst. Zeit., Vol. XXVI., (1878), p. 233. J. Hahermann. Description and 

capacity of the Dingey mill. 

99. Ibid., Vol. XXVlIL, (1880), pp. 384, 581, 596. J. Habermarin. Description, 

capacity, wear or cost and water used. Comparison with stamps and 
Dingey mill. 

BOQARDrs Mill: 

100. Gaetzschmann, M. F„ (1864), “Aufbereitung,” Vol. I., p. 544. Description, 

capacity, power'^and wear or cost Elaborate article. 

101. OinglePs Polyt. Jour., Vol. LVL, (1835), p. 285. No author. Description. 

102. /Wd., Voi. LXX., (1838), p. 343 No author. Description. 

103. Ibid., Vol. ClIL, (1847), p. 18. No author. Description and advantages and 

diBAdvAHtara. 





104. nid., p. 312. No author. Capacity. 

105. Ibid^j Vol. CIV., (1847), p. 18, No author. Capacity and power. 

106. Ibid., Vol. CVI., (1847), p. 16. No author. Description, capacity, power and 

wear or cost. 

Cdnuack’s Pulveuizeb: 

107. Hunt, 11., (1884), ‘‘British Mining,” p. 739. Description, capacity, power and 

wear or cost. Sizing tests. 

Dingey Mii.i.:* 

108. Bilharz, 0., (1890), ‘‘Meeh. Aufbereitung,” Vol. I., p. 124. Description and 

advantages and disadvantages. 

109. Hunt, K., (1884), ‘’British Mining,” p. 737. Description and capacity. 

110. Kunliardt, W. B., (1884), ‘‘Ore Dressing,” p. ,51. Description. 

111. liery. u. Hiitt. Jahrb., Vol. XXX., (1882), p. 201. ,1. llaherniann. Capacity, 

power, wear or cost and water used. Comparison with other mills. 

112. Ibifi., Vol. XXXI., (1883), p. 207. J. Haherniann. Cajiacity, power, wear or 

cost and water used. Comparison with other mills. 

113. ■E7UJ. it Mm. Jour., Vo!. Llll., (1802), p, 000. ,1. W, Meier. Description. 

114. /n.vf. Mi'ch. hiiy., ( 18731, ji. 131. II. T. Ferguson. Description and caiaieity, in 

Cornwali. 

115. Zeii lirnj. Hull. u. ffalinoiinscn, Vol. XXVI., ( 1878), p. 134. K. Altlians. 

Description, capacity, power and advantages and disadvantaires. Kizinc test 
Butter’s Pan: s 


yVras, Vol. LXlll., (1891), p. 285. No author. 


Description and 


2‘29. No author. 
Description. 


Description. 


No author. 


110. Mm. if Xci, 
capacity. 

Neuebueiui’s Miu.: 

117. jimr/icr’s Pulyt. Jour., Vol. 228, (1878), p. 

118. Ibid,, Vol. 240, (1882), ji. 40. No author. 

BbOckneb Ball Mill: 

119. lUry. Hiitt. u. Halincmrescn. Vol. XXXVII., (1889), p. 255. No author 
Description, capacity, power and wear or cost. 

Qbuson Ball Mill: 

120. Bilharz, 0., (1890), ‘‘Mech. Authcreitung,” Vol. I., p. 110. Description, capacity 

ana power. i » ; .7 

121 . Dar.cs, K. 11., (1894), ‘‘Mach. Metal. Mines,” p. 245. Description. 

122. J',i.s.slcr, M., (1890), "Metallurgy Cold,” p. 1.18. Description and advantages and 

disaiivantages. 

(’894), “Ore & Stone Mining,” p. 557. Description. 

124. Kirsciiner, L., (1898), “Krzaufhereitung, p. 08, Description, capacity and 

125. Eriy. ,(■ Min. Jour., Vol. I.Vll., (1894), p. 404. 

Other Ball Mills and Tube Muxs: 

120. Fgleston, T., (1887), "Metallurgy,” Vol. I., p. 
wear or costj of i)all milla as a class. 

127. Gaotzschmann. M. F., (1804), “Aufheroitung,’ 

capacity and power, for feevt'rn! varieties. 

128. Btry. u. Hiitt. Zeit., Vol. XDVIll., (1889), p. 150. No author. 

Lohnert’s. 

129. Clay Worker, Vo'., XXV!., (1890), p. 442. No author. Description, capacity 

and power, for Orolce’s. t j 

130. Dinylcr's Polyt. Jour., Vol. 300, (1897), pp. 38, 59, 83. L, Sell. Descriptinn. 

Very complete, descriliing over 20 forma. 

131. Inst. Civ. Kng., Vol. tVllL, ( 1892), pp. 124, 103, 181. A. II. Curtis. Capacity 

100 119" n<,vnntaL'Cs and disadvantages of hall mills ns a class. 

132. Press, Vol. LXXV., (1897), p. 380. No author. Description of 

133. Oest. Zeit., Vol XXXVIll (1890), p. 284. A. Gmehling. Description, capacity 

and power, for Lohnert’s. r > t' 

p- 328. C. BlOmeke. Sizing tests. 

(’891). p. 607. No author. Description of Ehmke’s 
Lohnfrt’s •’ ■ D™"ipt^on of 

Jol' P’ Dercription, capacity and power, of Siller & Duhois 

’38. ncBcription, capacity, power and wear or coat, of “rohr- 

139. Ibid., Vol. XX., (1890), p. 800. No author. Description of Cohn’s. 


129. 


Vol. I. 


Description. 
Description, capacity and 
p. 51)1. Description, 
Description of 


• See also r<>ference W. 
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ons DRsssmo, 


, 738. Description, capacity, wear or cost 

L. Demarct. Description, capacity 

Description, capacity and 
41. F. B. Morse. (.Uipacity, power and 
Description and 


140 . /bid., Vol. XXI., (1897), p. 203. Xo author. Hcscription of Heinatein’s. 

141. Ihid.f p. 1052. No author. Description and advantages and disadvantages, ot 

a chamber mill. 

DODOE XLVin., (1880), p. 501. No aiithnr. Dcacriptinn. 

143 Ibid Vol. LXl., (1890), p. 613. No author. Dcacrlption, capacity and power. 
144’. ilin] c6 Nci. Press, Vol. LXXIII., (1890), p. 71. No author. Description, 
capacity and power. 

LowE8^M^LL.^t^n^ T., (1890), “Metallurf-y,” Vol. 11., p. 420. DcBcription, capacity, power 
and advantages and disadvantages. 

MlcilELI. & Tueho.ninq I’ULVEUIZmi: 

146. Hunt, II., (1884), "Urltish Mining,” p. 

and water used. 

Baetle roLVicaizEii: 

147. Pvv, dcs Mines, Vol. XXI., (1893), p. 311, 

and power. 

Tustin Mill: . 

148. lOgleston, T., (1890), ‘‘Metallurgy, Vol. II., p. 422. 

power. 

149. Cal. Pc/); Vol. VI., (1880), I’art 

water used. , , 

1,50. Eng. d Min. Jour., Vol. XXXVII., (1884), p. (13. L. Wagoner, 
eaiiacity. Abstract from I'celi. Hoc. Pac. Coast. 

151. Prod. Cold <C- Pdver in U. (1881), p. .573. tJ. G. Yale, Deseription. _ 

152. Tech. Poe. Pae. Coast, Vol. Ill., (1880), p. 4.5. L. Wagoner. Description, 

capacity, sizing tests and gold extracted. 

Niaqaba Ceusheb: ... „ . j 

153. Coll. Ouard., Vol. HXX., (1895), p. 652. No author. Description, capacity and 

154. lml^(7ii\ Eng., Vol. CVIII., (1892), p. 127. A. II. Curtis. Description, c.apac- 

ity and power. 

Clean Up liAitiiEL: „ . , 

155. Cal. Bull., No. 6, (1895), p. 29. E. B. Preston. Description and power. 

Min. Eng., Vol. XXL, (1892), p. 680. A. Salilin. Description, 
capacity, power and wear or cost. 

Fbisbee IjITcop Mill: . , 

157 . Ixick, A. G., (1882), “Gold," p. 1029. Capacity and power. „ . 

158. Eng. d Min. Jour., Vol. XXXIV., (1882). p. 147. No luitlior. Description, 

c,apacity and power, of tlie Liieop & Cook form. 

159 Ibid Vol. XL., (1885), p. 58. No author. Description, capacity and power. 

160. fbtd., Vol. XLin., (1887), p. 453. No author. Description. 

161. Ibid., Vol. LVIIl., (1894), p. 320. J. L. Wills. Description. 

162. Thon-Ind. Zdt., Vol. XIX., (1895). p. 095. No author. Description, capacity, 

power and advantages and disadvantages. 

Wabino Pulvebatoe: ■ *• 

163. Eng. d Min. Jour., Vol. XL., (1885), p. 336. No author. Description. 

164. Ibid., Vol. XLII., (1886), p. 457. No author. Description. 

^”l65.^'^.’ d Min. Jour., Vol. XLIV., (1887), p. 371. No author. Description, 
capacity and power. 

^°*lM!*”Davies, E. H., (1894), “Mach. Metal. Mines,” p. 241. Description, capacity and 
power. 

ClcLOPB Mill: ... , .. 

167. Eissler, M., (1896), "Metallurgy Gold.” p. 146. Description and capacity. 

168. Rose, T. K., (1894), “Gold,” p. 155. Description and capacity. 

169.,Coll. Eng., Vol. XVIL, (1897), p. 266. H. Van F. Furman. Description and 
advantages and disadvantages. 

170. Inst. Civ. Eng., Vol. CVllL, (1892), pp. 123, 189. A. H. Curtis. Description, 

capacity and power. 

Thompson’s Pclvebizeb: . „ . , 

171. Lock, A. G., (18821, “Gold,” p. 1029. Capacity and power. 

172r Eng. & Min. Jour., Vol. XXXIII.. (1882), p. 6. No author. Dcacrlption, 

capacity and power. 
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American Ball Pulverizer: 

173. Eng. d Min. Jour., Vol. LIV., (1892), p. 297. No author. Description, capacity 

and power, advantages and disadvantages. 

174. Ibid., Vol. L/V., (1893), p. 682. No autlior. Description and capacity. 
Lambeuton Mill: 

176, Inst. Civ. Eng., Vol. CVllI., (1892), p. 123, A. U. Curtis. Description. 

Morey & Sbekuy Pulverizer: 

176. Eng. d Min. Jour., Vol. XXXV., (1883), pp. 191, 209. No author. Description, 

capacity, power and water used. 

CRAwroBD Mill: 

177. Koac, T. K., (1894), “(Jold,’^ p. 152. Description and capacity. 

178. Coll. Eng., Vol. XVll., (1897), p. 266. 11. Van K. Furiimn. Description and 

capacity. 

179. Eng. d Min. Jour., Vol. LIV., (1892), pp. 82, 99, 147, 195. “Discussion.” 

‘ De.scription, ('aj)acity, w'car or cost and advantages and disadvantages. 

180. In.'it. (Jiv. Eng.. Vol. CVJll., (1892), pp. 145, 184. A. 11. Curtis. Description. 

181. Mm. ct Ed. Prcs.s, \ol. i^XX., (1^95), j). 247. No autlior. Description, capacity, 

power, wear or cost, advantages and disadvantages and water used. 
Pfeiffer’s Mill: 

182. Etahl u. Eisfn, Vol, XIV., (1894), pp. 132, 485. F. W. LUhrnmnn. Description, 

capacity, power and wear or cost. 

183. Thonjnd. Ent., Vol. XIX.. (1895), p. 641. J. J’feifTer. Description, pow'cr and 

advantages and disadvantages. 

184. /aH. Vcr. Dvut. Jng., Vol. XX-\\’nr., (1894), p. 1083. J. PfcitFcr. Description, 

capacity, power and wear or cost. 

Morel & Hall’s Mill: 

185. Inst. (Ev. Eng., Vol. CVJll., (1892), p. 124. A. H. Curtis. Description. 
Jordan’s (;ENTRrFu<JAL Grinder; 

186. Foster, C. LeN., (1894), “Ore & Stone Mining,” p. 557. Description. 

187. Pose, T. K., (1894), “Gold,” ]). 155. Description. 

188. Inst. do. Eng., Vol. CVlll., (1892), p. 124. A. II. Curtis. Description. 
Kinkcau Ball Mill: 

189. Min i{* Hci. Press., Vol. LXVL, (T893), p. 163, No author. Description. 

Edoe Runners: 

190. Bilharz, 0., (1890), “Mcch. Aufbercitung,” Vol. I., p. 76. Dcscrijition, capacity 

and power. 

191. KgleRlon. T., (1887). “Metallurgy” Vol. 1., p. 269. Drseri])tioii. 

192. Foster, C. LcN., (1894), “Ore Stone Mining,” p, 556. Description. 

193. Gaotxschniann, M. F., (1804), “AufiKTcitung,” Vol. I., p. 572. Description, 

capacity and power. 

194. Hunt. 11., (1884), “British Mining.” p. 741. Capacity. 

195. Rittingcr, i\ R. von, (1870), “Krstcr Nachtrag,” p. 9. Description, capacity, 

power and wear or cost. 

198. Am. Inst. Min. Eng., Vol. VI., (1877), p. 518. R. H. Richards. Description 
of a laboratory form. 

197. Ihid., Vol. XVI., (1888), p. 753. T. A. Blake. Description, capacity, power 

and wear or eo.st. Quality of crushing at Haile gold mine. 

198. Ibid., Vol. XXIV.. (18iU), p, 113. O. F. Hfordte. Description and capacity, 

at Cerro de l^asco, Peru. 

199. Clay IVorfccr, Vol. XXIII., (1895), p. (8. No author. Description and capacity. 

200. Coll. Eng., Vol. XVII., (1897), p. 266. II. Van F. Furman. Description and 

capacity. 

201. Eng. d Min. Jour.. Vol. XXIV., (1877), p. 472. R. H. Richards. Description. 

Same as A. I. M. E., Vol. VI., p. 518. 

2,02,, Ibid., Vol. XXXltl., (1882), p. 104. M. Rul, Description and capacity, at 
Guanaxuato. Mexico. 

203. Iron, Vol. XXXVlll., (1891), p. 357, No author. Description. 

204. Tenth V. S. Cctisus, Vol. XIII., (1880), p. 384. S. F. Emmons and G. F. 

Becker. Description. 

Bbtan Mill: 

205. Cal. Bull., No. 6, (1895), p. 62. E. B. Preston. Description, capacity, power, 

wear or cost and method of working. 

206. Coll. Eng., Vol. XVII., (1897), p. 266. H. Van F. Furman. Description, 

capacity and power. 

207. Inst. Civ. Eng., Vol. CVIII., (1892), p. 118. A. H. Curtis. Description and 

capacity. 
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208. Min. cC Kci. Press, Vol. LXVI., (1893), p. 339. No author. Capacity. 

209. Ibid., Vol. LXX., (1895), p. 193. No author. Description, capacity, power, wear 

or cost and advantages and disadvantages. 

210. Oosl. Zoit., Vol. XXXVll., (1889), p. 83. H. Stefan. Description, capacity, 

j)owcr nnd wear or cost. 

Langley’s Cuusueb: ^ . 

211. ling, if Miit. Jour., Vol. LX., (1895), p. 81. No author. Description, capacity 

nnd jiower. 

212. Ibid., p. 582. No author. Description, capacity and power. 

MsBnALL’s Mill : ^ . j 

213. linn, a- Min. Jour., Vol. LX., (1895), pp. 5n,!)9l. No author. Description and 

capacity. , . 

214. Min. a «(,i. Press, Vol. LXX., (1895), p. 312. No author. Description and 

ca]iacity. 

WiSWELL Pulvebizeb: „ . 

215. linn, a Jour., Vol. XXXIX., (1885), p. 403. No author. Description and 

advantages and disadvantages. 

216. Ibid., Vol. XLll., (1880), p. 25. No author. Description and advantages and 

disadvantages. 

217. Min. a 8'ci. I’ress, Vol. L., (1885), p. 153. No author. Description and advan¬ 

tages and disadvantages. 

Hanl'Tin’s Mill: 

218. Iron, Vol. VI., (1875), p. 200. No author. Description, capacity and power. 
Wood’s Mill: 

219. Iron, Vol. XL., (1892), p. 68. No author. Capacity. 

Compound Edobstone Mill: . 

220. Iron, Vol. XXXVIL, (1891), p. 137. No author. Description, capacity and 

power. 

ScHBANZ Mill: 

221. Kirschner, L., (1898), “Erzaufbereitung,” p. 62. Description, capacity, power, 

weal or cost and water used. Sizing test. 

222. Kiinlmnlt, W. H., (1884), “Ore Dressing,” p. 55. Description, capacity, power 

and water used. 

223. Ann. dcs Minns, ISeries VIIL, Vol. XX., (1891), p. 18. M. Bellom. Description, 

capacity, power and wear or cost. 

224. Berg. u. Iliill. Jahrh., Vol. XX.Xl.. (1883), p. 207. J. Habcrmann. Description, 

capacity, power and wear or cost. Comparison with other mills. 

225. Berg. u. Iliill. Xeit., Vol. XL., (1881), p. 357. C. Blomekc. Capacity, power and 

wear or cost. Comparison with stamps. 

226. Ibid., Vol. XLIIL, (1884), pp. 281, 297. C. Blilmekc. Description, capacity, 

power, -wear or cost and water used. Comparison with roll and other mills. 

227. Ibid., Vol. XLVIL, (1888), p. 341. K. von Heytt. Power. 

228. DinqUr’s Pohjt. Jour., Vol. 238. (1880), p. 388. No author. Description. 

229. Eng. & Min. Jour., Vol. XXXIL, (1881), p. 252. C. Bliimeke. Abstract of 

B. £ 11. Z., Vol. XL., p. 357. 

230. Ibid., Vol. LIIL, (1892), p. 665. J. W. Meier. Description. 

231. Inst. Civ. Eng., Vol. CVIII., (1892), p. 183. A. H. Curtis. Description. 

232. North Eng. Inst. Min. £ Mech. Eng., Vol. XLIIL, (189.3-4), p. 342. A. O. 

Charleton. Deseriiition, capacity, power nnd water used. Sizing tests. 

233. Oest. Zeit., Vol. XXXVL, (1888), p. 247. K. von Reytt. Capacity and power. 

Sizing tests. 

234. Sch. Mines Quart., Vol. XIV., (1892), p. 218. M. Bellom. Description, capacity,’ 

power and we.ar or cost. Same as Ann. des Mines, Vol. XX., p. 18. 

235. Zch. Ver. Deut. Ing., Vol, XXV., (1881), No. 6. 

Kinkead Miix: 

236. Min. £ Sci. Press, Vol. LXXIL, (1896), p. 61. No author. Description and 

capacity. 

Liohtneb Mill: 

237. Min. £ Eci, Press, Vol. LXX., (1895), p. 149. No author. Description. 
Huntinoton Mill: 

238. Bilharz, 0., (1896), “Mech. Aufbereitung,” Vol. I., p. 126. Description, capacity 

and power. 

239. Davies, E. It., (1894), “Mach. Metal. Mines,” p. 237. Description and advantages 

and disadvantages. 

240. "Egleston, T., (1890), “Metallurgy,” Vol. II., p. 414. Description, capacity, wc"* 

or cort and advantages and disadvantages. 
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241. Kisslcr, M., (189G), “Metallurgy Gold” p. 135. Description. 

. 242. Foster, C. LeN., (1894), “Ore & Stone Mining,” p. 502. Description of the Pax- 
man mill. 

243. Louis, II., (1894), “Gold Milling,” p. 258. Description, capacity, power end 

advantages and disadvantages. 

244. Koso, T. K., (1894), “Gold,” p. 148. Description, capacity, power, wear or cost 

and advantages and disadvantages. 

245. Am. Inst. Min. Eng., Vol. XXVI., (1896), p. 623. C. W. Goodale. Compared 

with rolls. 

246. Berg. u. JIutt. Zeit., Vol. XLTX., (1890), p. 61. T. Kauft. Description and 

advantages and disadvantages. 

247. Cal. Bull., Iso. 6, (1895), p, 60. E. B. Preston, Description, capacity, pow'er, 

method of working and advantages and disadvantages. 

248. Coll. Eng., Vol. XVII., (1897), ]). 266. H. Van F. Furman. Description, 

capacity, power and method of working. 

249. Engineering, Vol. L., (1890), p. 421. Ino author. Description of the Paxman 

mill. 


250. Insl. Cir. Eng., Vol. CVIH., (1892), pp. 119, 135, 154, 195, 199. A. H. Curtis. 

D» M*ri])tion, oa])ocity, power and wear or cost. Compared to stamps. 

251. Mm. (£ Eei. Press, Vol. XiXIX., (1894), p. 97. No author. Liitcst imjjrovements. 

252. North Eng. Inst. Min. d Mcch. Eng., Vol. XJJII., (1893-4), p. 343. A. G. 

('harl<'toTi. Clapacity, wear or cost, method of working and advantages and 
disadvantages. 

253. Zeit . ('(T. Ihut . Ing., Vol. XXXVI., (1892), p. 7. W. Schtilz. Capacity, power 

and wear or cost. 

254. Ibid., Vol. XXXVllI., (1894), p. 52. C. Schnabel. Capacity, power and method 

of working. 

Howland Pulvkui/.ku, No. 1: 

255. !/ock, A. G.. (1882), “Gold,” p. 1026. Description, capacity and power. 

256. Ihngler's Polyt. Jour., Vol. 241, (1881), p. lUO. No author. Description and 

caf)acity. 

257. Enff. Min, Jour., Vol. XXXI., (1881), p. 161, No author. Description, capac¬ 

ity and powTr. 

2.^8. hist. Civ. Eng., Vol. CVIII., (1892), p. 127. A. H. Curtis. Description. 
Narod Dulvebixeu: 

259, Eng. >£ Min. Jour., Vol. XLIX., (1800), p. 732, No author. Description,' 

capacity ami power. 

Pbopfe Mill: 

260, Coll, Guard., Vol. LXXI., (1806), p. 846. Kosmann. Description, capacity, 

power and wear or cost. 

261, Ibid., Vo). LXXIV., (1897), p. 165. No author. Description, capacity and wear 

or cost. 

262, Thon-Ind, Znt., Vol. XX., (1806), p. 681. Kosmann. Description, capacity, 

power and wear or cost. 

FSEiDEnERO Mill: 


(1806), 846. Kosmann. Description, capacity 


203. Coll. Guard., Vol. LXXL, 
power. 

TBEUONINO 1‘ULVEIIIZEB: 

2(J4. Hcv. dcH Mines, Vol. XXI., (1803), p. 310. L. Dcmaret. Description, capacity 
and power. ^ 

Gbifftn Holler Mill: 

265. Bilharz, 0., (1896), “Mech. Aufbereitung,” Vol. I., p. 125. Description and 
capacity. 

2fi8. Am. Inst Min. Eng., Vol. XXI., (1882), p. 687. A. Sahlin. Capacity and power. 
Compared with Buhrstone mill and Cyclone pulverizer. 

267. Cal. Bull., No. 6, (1806), p. 64. E. B. Preston. Description and capacity 

268. Coll. Eng., Vol. XVII., (1897), p. 267. H. Van F. Furman. Description 

269. Eng. d Min. Jour., Vol. XLIX., (1890), p. 589. No author. Description. 

capacity and power. 

270. Ibid., Vol. LV., (1803), p. 610. No author. Description. 

271. Iron Age, Vol. L., (1802), p. 1036. No author. Description. 

272. Thon-Ind Zeit., Vol. XVIII., (1804), p. 425. M. Garn. Description and 

capacity. 

07 ?' author. Description and capacity. 

274. Ibui., p. 628. Qoshch. Description, capacity, power and wear or cost Com¬ 
pared with Buhrstone mill. 

276. Ibid,, Vol. XX., (1896), p. 727. No author. Where used. 
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Cabb Disinteqratob: 

276. Bilharz, O., (1806), “Mech. Aufbercitung,” Vol. I., p. 87. Description, capacity, 

power and advantages and disadvantages. 

277. Foster, C. J^oN., {1804), “Ore & Stone Mining,” p. 559. Description, 

278. Gactzschmann, M. F., (1872), “Aulbereitung,” Vol. II., p. 057. Description, 

capacity, power and advantages and disadvantnges. 

279. Goiij)illiere, llaton do la, (188.5), “Exploitation de.s Mines,” Vol. II., p. 700. 

Description, capacity and power. 

280. Hunt It.. ( 1884), “British Mining,” p. 742. Description, capacity and power, 

for copper ores. 

281. Lampreeht, K., (1888), “Kohlenaufbercitung,” p. 11. Description, capacity and 

power, for coal. 

282. Rittingcr, P. K. von, (1873), “Zweitcr Nuebtrag,” p. 10. Description, capacity 

and power. 

283. Ann. d<'.s AJincft, Series VII., Vol. VI., (1874), p. 1103. A. Pcniolet. DcHcription, 

capacity and power. Compared with rolls. 

284. Bvll. Sov. (VKitcoiuag., Vol. XVH., (1809), p. 050. M. Carr. Description, 

capacity and power, for coal. 

285. Bull. Soc. Ind. Min.y Vol. XV., (1800-70), p. 5.57. No author. Description and 

advantages and disadvantages. 

286. Ihid., p. 500. F. Ivohert. (’aj)acity, power and wear or cost, at Almn collieries. 

287. Voll. ijuard.y Vol. lAXlL, (1890), p. 1028. ,1. Gilchrist. Used for coal. 

288. Dinglcr's PoUjl. i/owr., Vol. 201, (1871), p. 387. P. llaurez. Description, 

capacity, power and advantages and disadvantages, for coal. 

289. Enyinccring^ Vol. Xlll., (1872), p. 98. T. Carr. Description and capacity, for 

(lour. 

290. Min. Ind.f Vol. V., (1890), p. 153. R. Crcnier. Used for coal. 

291. Rvv. dvs Mines, Vol. XXVll., (1870), p. 023. P. Haiirez. Description, capacity, 

power and advantages and disadvantages, for coal. 

BBINK & IIIjnNEH DlSlNTlOUKATOll: 

292. Kunhardt, W. B., (1884), “Ore Dressing,” p. 64. Description, capacity, power 

and wear or cost. Uoinparative tests with other mills. 

203. Berg. u. Hull, dahrh.y Vol. X.\X., (1882), p. 201. J. llabcrmann. Description, 
capacity and power. Comparative tests with other mills. 

Stedman Disintkoratob: 

294. Eng. & Min. dour., Vol. LVIII., (1804), p. 129. No author. Description. 
SirRTEVANT Mill: 

295. Foster, C. LcN., (1894), “Ore & Stone Mining,” p. 603. Description. 

296. Am . Inst. Min. Eng., Vol. XX., (1891), p. 570. W. II. Hoflnian. Capacity and 

power, at Croton iron mines. 

297. Ibid., p. 002. W. II. Uo(riiian. Capacity, power and wear or cost, on magnetite. 

298. Ibid., Vol. XXI., (1892), p. 120. W. H. lloiriuan. Description, ca^iacity, power 

and wear or cost, at Croton iron mines. 

299. Ibid., p. 521. A. Sahlin. Capacity, power and wear or cost. Compared to rolls. 

300. Ibid., p. 530. S. R. Krom. Capacity, power and wear or eost. Compared to 

rolls, 

301. Ibid., p. 533. “Discussion.” Capacity and power. Dynamometer tests. 

302. Am. Mfr., Vol. XLIX., p. 408. Description, capacity and power. 

303. Eng. d Min. Jour., Vol. XXXVlll., (1884), p. 244. No author. Description, 

capacity and now’er. 

304. Ibid., Vol. XXXIX., (1885), pp. 189, 204, 240, 259, 276. J. Heard. Jr. Capacity 

and advantages and disadvantages. Sizing tests. 

305. Inst. Vtv. Eng., Vol. CVlll., (1892), pp. 126, 153. A. H. Curtis. Capacity and 

power. 

306. North Eng. Inst. Min. d Mcch. Eng., Vol. XLIIL, (189,3-4), p. 343, A, G, 

Cliarletnn. Description, capacity, power and wear or cost. Sizing tests. 
Ctclotte Pulverizer: 

307. Foster, C. LeN., (1894), “Ore & Stone Mining,” p. .563. Description. 

308. Am. Inst. Min. Eng., Vol. XX., (1891), p. 387, A. Sahlin. Description and wear 

or cost. 

309. Ibid., p. 589. “Discussion.” Discussion of uses. 

310. Ibid., Vol. XXI., (1892), p. 587. A. Sahlin. Capacity and power. Compared to 

other mills. ^ 

311. Eng. d Min. Jour., Vol. XLIII., (1887), p. 312, No author. Description,, 

.^capacity and power. 

3124 I^id.i Vol. LVIII,, (1894), p. 296. J. T. Donald. Cyclone Fibreizer. 
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313. Inst. ('iv. Eng.y Vol. CVJU., (1892), p. 125. A. H. Curtis. Description, capacity 

and power. 

314. Oi'sL Zcit., Vol. XXXVlll., (1890), p. .'582. No author. Dcsoription, capacity, 

power and advantages and disadvantages. 

315. Rco. dcs Mincs.y Vol. XVllI., (1892), p. 272. A. Gillon. Description and 

capacity. 

Leviathan Pulvekizeb: 

.31(>. lust. Viv. Eng., Vol. CVIII., (1802), p. 126. A. 11. Curtis. Description. 
MKTUE’S rULVEUIZEU: 

317. Jtn-ij. w. iiUil. /.rit,, Vol. XL., (1881), p. 407. No author. Description. 

318. Diiu/Irr's Pohjl. dour., Vol. 240, (1881), p. 430. No author. Description. 
Jorpa.n'.s riiTA’EniZEU: 

319. l.oek, A. CL, (1882), “(Inid,” p. 1028. Description. 

320. Hunt, K., (188-1), “Ilritish Mining/' p. 740. Description. 

Whelpley & Stoker Pui.vekizkk: 

321. (LH‘l/.s(*Iim!Min, M. F., (1872), ‘L4ufhercitung,” p. 0.50. Description, capacity 

and jKiwer. 

322. lierg. u. Unit. Zcil., Vol. XXXl., (1872), p. 410. No author. Description, 

c;ipiK*i1y, wear or cost. 

Walker rni.VEUizER: 

32.3. Dtuglrr's Polift. Jaur.. Vol. 2.'5.3. (1884), p. 111. No author. Description. 

324. Eng. d U///. Jour.. \'ol. XXXVll., (1884), p. 308. No author. Description, 

capacity and wear or cost. 

Ryerhon rULVKUIZER: 

325. Eng. <G Min. dour., Vol. XXX., (1880), p. 397. VV. H. Winslow. Description 

and capacity. 

ScUI.EPDKRMiillLIi;: 

320. (Lictzsclnnann, M. ( 1872), “Aufbcrcitung,” p. 654. Description, capacity, 
power and advantages and disa<1 vantages. 

327. llittirigiT. IL von, (1807), **Aunjereitung8kunde,” p. 50. Description, 

capacity, power and wear cjr cost. 

VAPART DlSlNTEOnATOU: 

328. Foster, C. LeN., (1894), “Ore & Stone Mining,” p. 607. Separating pyritc from 

olendc. 

329. (JoupiIlh'‘ie. JIatun do hi, (1885), “Fxploitation des Mines,” Vol. IL, p. 707. 

Des'Tiptioa Mathematical diseiission. 

330. ling. n. i/iiff. Zrif., Vol. Xl.*., (1881), p. 294. No author. Description and 

capneity. Separating pyritc from blonde. 

331. Jbid., Vol. XLl., (1882), p. 103. No author. Description. Separating pyrite 

from blende. 

.332. Jhid., Vol XiilL, (1883), p. C8. No author. Description. Separating pyrite 
from blende. 

333. Bull. Eoo. ln<l. Min.. Series 11., Vol. IX., (1880). p. .391. F. Cordier. Descrip¬ 

tion, capacity, ]H)wer and wear or cost. Mathematical discussion of blow. 

334. Enginrrring, Vol. XXXU., (1881), p. 329. No author. Separating pyritc from 

blende. 

(tRIkitn Pulverizer: 

335. Eng. d .Min. dour., Vol. XXXIX., (188.5), p. 387. No author. Description, 

capacity, power and wear or cost. 

Proohkssive Pulverizer: 

330. Eng. d Mm. Jour., Vol. XL., (188,5), p. 23. No author. Description. 

BOLZEN-Mi'lILE: 

.337. lierg. u. Butt, Zeit., Vol. XLVITT., (1889), p. 330. No author. Description. 
Maojc Crusher: 

338. Eng. d Mm. Jour., Vol. LVL, (1893), p. 323. No author. Description. 
Pneumatic Pulverizer: 

339. Berg. u. Butt. Zeit., Vol. XLTL, (1883), p. 301. No author. Description and 

capacity. 

340. Enginrcring, Vol. XLIV., (1887), p. 38. No author. Description, capacity and 

power. 

341. Eng. d Min. Jour., Vol. XXXIV., (1882), p. 270. No author. Description and 

capacity. 

342. Ihid., Vol. XLTIL. (1887). p. 1G.5. No author. Description and capacity. 

343. Industrial Vol. I.. (1886), p. 56. Description. 

.344. Iron d Steel Inst., (1882), Part I., p. 243. No author. Description and 
capacity. 

345. Inst, Civ, Eng., Vol. CVIII., (1892), p. 126. A. H. Curtis. Description. 



CHAPTER VII. 

LAWS OF CRUSHINO. 


§ 3-15. In discussing this question of crushing under different conditions there 
are four liiu's to be considered: 

(а) (Compressive strengtti of stone. 

(б) Extent of crusliing de.sirahle. 

Work or power required for crushing. 

(d) Comparison of various machines. 

There are ahso four ways tliat the force may act in crushing rock: (1) By 
direct pressure as in rolls where there is a strong force acting at low veloeily; 
(2) by a blow on an anvil as in stamps where there is a medium force acting at 
a moderate velocity; (d) by a blow in space as in the Carr Disintegrator where 
there is a weak force acting at high velocity; (4) by grinding as in the amal¬ 
gamating pan. In the first three cases the force acts pcrpeiidiciilarly to the sur¬ 
face to produce rupture by compression; in the last case it acts oblupiely produc¬ 
ing rupture by compression combined with shearing. 

CoMi-UESsivE Sthknoth of Stone. 

§ 246. Watertown Arsenal Tests.— A summary of tests on cubes at the 
Watertown Arsenal between the years 1884 and 181»4 is given in Table 16!). 


TABLE 169. —WATERTOWN ARSENAL TESTS ON STONE. 



Number of TeHts. 

(!ompn*asivp Strenfftli in 1’ouikIs per Inch. 

Kind of Rock. 

Maicimum. 

Minimum. 

Avcruffc 


12 

10,533 

1,215 

fi.T43 


11 

14,500 

5 053 

11 308 


1 

20.415 

30,415 

20.41.5 

QuartKite. 

2 

21.5.50 

10.K75 

20.71.5 


The cubes were of various sizes, hut it has been found that the crushing 
strength per square inch does not seem to dejiend upon the size of the specimen, 
but rather upon the shape. To illustrate this, Table ll'l) shows Watertown 

TABLE 170. —WATERTOWN ARSENAL TEST ON IIAVERSTRAW SANDSTONE. 


(lubes. 


Prisms. 


Size. 

(JompreRsive 
fitrenffth per 
Square Inch.* 

Section. 

Lenf^th. 

(lompn'SKivc 
HtreuRth per 
Sqtmrc Inch. 

InchcH. 

1x1x1 

3x3x8 

4x4x4 

6x5x5 

6x8x6 

7x7x7 

8x8x8 

2x9x0 

10x10x10 

11x11x11 

Pounds. 

7,033 

6.004 

6,345 

6.062 

0.467 

7.85.5 

0.166 

*6,872 

e.sai 

6,584 

6,418 

Inches. 

4x4 

4x4 

4x4 

8x8 

8x8 

8x8 

8x8 

8x8 

Inches. 

2 

3 

8 

4 

5 

6 

7 

Pounds. 

16428 

8,028 

6,6:8 

9,.587 

8,5.50 

7,768 

6,534 

6,613 


♦ Av«raf!e, 6,4B7. 
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§ 247 

Arsenal tests on various sizes of cubes and prisms of Haverstraw Sandstone. 
Each value in the case of cubes is an average of four tests while those for prisms 
arc averages of two tests. The cubes arc very nearly of equal strength per 
square inch while the strength of the prisms increases as the length of the prisms 
decreases. It will also be noticed that here, as in cubes, those piece's of similar 
shape but different size have the same strength per square inch; compare the 
8X8X4 with the 4X4Xa, also the 8X8XG with the 4X1X3. Unfortunately 
the series does not extend to the ca.se where the length is greater than the diame¬ 
ter, but it is to be presumed that the law still holds good. 

The method of testing is of great importance in obtaining the compressive 
strength. 4’hc maximum strength is obtained where the sample has smooth 
faces which bear evenly against the smooth ])ole faces of the testing machine. 
Thus a 2-inch cube of free.stone (sandstone) from Kanawha, Virginia, gave a 
strength of 9,429 pounds per square inch wdien the force was applied to its faces, 
but only 8.(104 pounds (calculated on the same sectional area) when the force 
was applied to two diagonally opposite edges. 

S 247. Gkuman Tksts.— Very e.xhaustive sets of tests on various rocks under 
different conditions have been made abroad at lliinich and Berlin. Summaries 
of them are given in Tables 171 and 172. Including so many tests, as they do, 
they arc of great value. These tests were made on cubes which were as a rule 
6 cm. in diameter. The great differences shown between the maximum and 
minimum are to be expected when one considers that the stones tested came from 
different localities and varied greatly in quality. Where stones from only one 
locality are tested, for example as in Table 170, no such differences occur. All 
the values are for stones that are air dry. In the original reports however, 
values arc given in many cases for the strength when wet and also when frozen 
both in air and in water. I’herc is little difference between wet and dry, but 


T.Vni.K 171.— STIMMAEY OF TESTS AT BEIILINT. 


Class of Stone. 

Number of 
'Atones Tt^stetl. 

Compressive Strength in rounds per 
Square Inch. 

Maximum. 

Minimum 

A verajre. 


219 

28,218 

1,228 

7.894 


258 

30,280 

708 

8.64H 


1»l 

28,069 

4,850 

17.587 


11 

24,250 

8,877 

18.754 


91 

48.216 

8.888 

20.827 


8 

28,659 

11,9(*4 

21 849 


» 6 

21,818 

8,818 

18,7:)4 


20 

15,04.5 

7,930 

11.194 


4 

25.874 

14,109 

17,840 


9 

15,546 

4,409 

8.704 


6 

22 ,mo 

6,9.59 

12,530 




TABLE l72. —SUMMARY OP TESTS AT MfjNICH. 


Class of Stonn. 

Number of 
Stones Tested. 

Compressive Strengih in Pounds per 
Square Inch. 

Maximum. 

Minimum. 

A veraffp. 

Sandstone. 

176 

29,802 

1,822 

6.704 

Limestone. 

41 

22,752 

l,i50 

10.811 


41 

81,420 

7,750 

18,754 

Dolomite. i 

12 

18,486 

5.546 

10,764 


frozen stone almost always runs a little lower in strength per square inch than 
that which is not frozen. In many cases the transver.se strength was taken. 
This was generally found for square beams to be considerably less than half of 
the compressive strength. The relative strength of cubes and prisms of a sample 
of sandstone and also of limestone, both air dry, are shown in Table 173-. 



















302 


ORE DRESSim. 


§ 248 


TABtE 173. —STRENGTH OP CUBES AND PRISMS TESTED AT BERLIN. 


Kind of Rock. 

Size of PiiH't* 
Tested, (a) 
cm. 

Number of 
Tests. 

Compressive Strength in Pounds per 
Square Inch. 

Maximum. 

Minimum. 

Average. 

Sandstone. 

10x10x6 

10 

18.931 

17.007 

18,476 

Sandstone. 

6x6x6 

10 

16,818 

13,227 

14,451 

Sandstone... 

lOxlOx-V) 

10 

12,678 

7.922 

10,041 

Limestone. 

71x7.1x4 

10 

12,672 

12.047 

12,360 

Limratono. 

6x6x0 

10 

8,818 

8,164 

8,448 

Limestone. 

10x10x50 

6 

6,742 

6,343 

6,528 


(a) Tbe lenf^th is given last. 


Table 171 show.s how in stratiliud rocks the strciigtli is le.-is wlieii tliey are 
tested parallel lhan when tested perpendicular to the bedding planes. 


TABLE 171. —STRENGTH PARALLEL AND PERPENDICULAR TO THE BEDDING PLANES 


TESTED AT BERLIN. 


Kind of 
ICock 

Direction 
of Pressure, 

Size of Piece 
Tested, (a) 
cm. 

Number 
of Testa. 

Compressive Strength m Pounds per 
Square loch. 

Maximum. 

Minimum. 

Average. 

Slate. 

Parallel to betl. 

6x6x6 

10 

10,582 

7,930 

8.032 

Slate. 

Perpendicular to bed. 

6x6x6 

10 

15,645 

11,677 

13,455 

Limestone.. 

Parallel tol>ed. 

6x6x6 

10 

5,860 

4,488 

5.220 

Limestone.. 

Perpendicular to bed. 

6x6x6 

10 

6,187 

6.063 

6,703 

Limestone. 

Parallel to l>ed. 

10x10x6 

8 

6.329 

5,632 

,5.888 

Limestone.. 

PerfieDilicular to bed. 

10x10x6 

10 

7.923 

6,742 

7,240 


<a) In the cose of prisms the IcngUi is given lost. 


Four examples to show how the strength decreases when rock is heated and 
cooled are given in Table 175. These tests were all made on cubes 5 or 6 cm. 
in diameter. 


TABLE 175.— STRENGII BEFORE AND AFTER HEATING, TESTED AT BERLIN. 


Kind of 
Rock. 

How Tested. 

Number 
of Teste. 

Compressive Strength in Pounds 
per 8quan‘ Inch. 

Maximum. 

Minimum. 

Average. 

Oranite.... 

Before heating. 

10 

38,806 

16.541 

17,551 

Granite.... 

After b(»ting 8 hours and slowly cooling... 

10 

12,758 

9,700 

10,937 

Limestone. 

Before heating. 

10 

80,280 

25,217 

27,650 

Limestone. 

After heating 3 hours and slowly cooling... 

10 

22,842 

20,140 

21.903 

Limestone. 

After beating 3 hours and cooling in water. 

10 

21,738 

18,234 

20,055 

Sandstone.. 

Before heating. 

10 

16,814 

14,687 

15,889 

Sandstone. 

After heating 8 hours and slowly cooling... 

6 

18,000 

11,?81 

12,88b 

Sandstone.. 

After heating 8 hours and cooling In water. 

6 

11,905 

10,995 

11,878 

Porphyry.. 

Before heating. 

10 

37,108 

32,183 

85,046 

Porphyry.. 

After heating and slowly cooling. 

5 

29,186 

24,008 

26,266 

Porphyry.. 

After heating and cooling in water. 

5 

26,028 

19,180 

22,278 


§ 248. Cutter’s Tests. —Mr. Geo. A. Cutter in the preparation of his thesis at 
the Masaaehusetts Institute of Technology tested rock in an Emery horizontal 
testing machine using corrugated pole pieces similar to tho.se used on jaw break¬ 
ers, and also using smooth pole pieces. The results obtained from some old 
rectangular paving blocks of tough granite are given in Table 176. Two values 
of pressure are given; the first is that required to make the first break, the sec¬ 
ond is the maximum load observed while the compression was continued until 
the samples crumbled. The thickness represents the dimension between the 
pole pieces. The second and eighth tests were made with smooth pole pieces, 
the rest with corrugated. The pressures given are total pressures and it will be 
seen that if these were reduced to pressures per square inch of sectional area, the 
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TABLE 176.— cutter’s TESTS ON GRANITE PAVING BLOCKS. 


Length. 

Height. 

Thickness. 

Total Load at 
First Break. 

Number of 
Points of Bear¬ 
ing. 

Movement to 
First Break. 

Total 

Maximum 

Load. 

InebtiB. 

Inches. 

Inches. 

Pounds. 


Inches. 

Pounds. 

7 


m 

4,000 

1-2 


70,000 

8 

6 

4 

G,0U0 

S 2 

% 

70,000 



4^ 

10.000 

8-2 


71,000 


ISM 


14,000 

8-1 

H 

65,000 




15,000 

2-2 


88,000 

7 


4 

10,000 

8-2 


100,000 


7 

4 

30,(KH) 

J^2 


93,000 

H 

7 

5 

40,000 

1-2 

H 

40,(MM) 

G 

G 


48,000 

3-2 

H 

48,(MM> 


rosultiiifi villuos wouUl be* nnicb lowor than ttioso fjiven in previous tables for 
smootli cubes on smooth pole j)ieee.s. Thu reason for this i.s given in § ;i50. 

E.XTISNT OF Orusiiing Desirei). 

§ 249. At first sight it would seem desirable to erush roek down to a size 
wliieh shall be equal to Ihe size of the smallest parliele of valuable mineral. 
This would ensure perfect sejiaration. In praetiee however there are several 
objeotions to this [ilaii. It causes all the coarser particles of valuable mineral 
and gangiie which were unloeki'd at larger sizes, to be crushed unnecessarily, 
thereby using an extra amount of power and causing an increase in the amount 
of slinu's which are dillieult to separate and which cause loss. This trouble of 
slimes is aggravated by the fact that in a majority of cases the valuable mineral 
is softer than the gangue and hence slimes more. This is shown in the following 
sizing t('sts. 

The first, one is of a coarsely crushed Missouri galena-blende ore. The galena 
appears to be crushed finer than the ijuartz gangue while the blende appears to 
be crushed co .rser. 



Ore. 

(lUiena. 

Blende. 


K 

* 

$ 

On 4 mesh fovtT 5.1 mm.l. 

25.0 

11.5 

16 

Through 4 ou 8 mesh (5 1 t<o 2 42 mm.). 

81.1 

10 0 

40 

Through 8 ou 10 nu^sh (2.42 to I S5 mm.). 

4.9 

7.8 

4 

Through 10 <»u 20 mesh (1.85 to 0.85 mm.) — 

8.8 

10.0 

16 

iliroiigh 20 on 80 mesh (0.85 to 0.585 mm.).... 

7 8 

25 0 

8 

Througli 80 ou 40 mesh (0..585 to 0.374 mm.)... 

4.S 

5.0 

4 

"nirough 40 on 80 mesh (0.374 to 0.171 mm.)... 

1.4 

0 7 

4 

Through 80 on I'M)mesh (0 171 to0.189mm.).. 

7.0 

10.0 

4 

Through 100 mesh (0.189 to 0 mm.). 

15.0 

20.0 

4 

Total. 

99.8 

100.0 

100 


The second is finely crushed stamp mill pulp in Mill 68. An assay of the 
stuff before sizing gave 8 ounces gold and 1.7 ounces silver per ton. 



Ore. 

Assay for Gold. 

\S8ay for Silver. 

On 80 mesh. 

Through 1^ on 40 mt^di... ■ 
Through 40 on 60 mesh ... 
Through 60 on 80 mesh.... 
Through 80 on 100 mesh... 
Through 100 mesh. 

Total. 

% 

0.021 

0.12f 

9.10 

11 99 
10.16 
66.68 

99.97 

Ounces per Ton. 

o.ra 

0.10 

1.20 

1.80 

2.00 

OuncM per Ton. 

0.60 

0.70 

0.90 

1.09 

2.09 

. 
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The third is of stamp mill pulp in Mill 55. 



Ore. 

A«8ay for Gold. 

Assay for Silver. 


% 

Ounces per Tou 

Ounces per Ton. 

Through 20 on 40 iiiesh.... 

18.17 

0.85 

7.68 

ThrouKb 40 on 60 mesh.... 

IH.OS 

0.66 

8.83 

Throutfii 00 on 80 iiiesh.... 

9.40 

0.88 

10.17 

Through 80 on 100 intwh... 

4.93 

1.80 

10.90 

Through 100 ou 120 inesh.. 

4.96 

0.98 

11 07 

Through 120 on 150 iiieBh.. 

9.04 

1.18 

13.53 

Through 150 uiesb. 

84.55 

C.51 

19.64 

Total. 

100.00 




In Mill 93 they have found that the zincite is mostly in the two finest con¬ 
centrates; garnet goes to fines less than zincite; franklinite leas than garnet; 
willeinite, ti‘i)hroite and fowlerite are about e(]ual to each other, but less than 
franklinite; ealeite forms fines least of all. It might be added that with many 
ores there seems to be no limit to the fineness of the particles of valuable mineral. 

For all these reasons it is an advantage in most eases, except where the mineral 
is all finely disseminated, to crush first to a much coarser size than the finest 
particle, then to separate out as much clean mineral and clean gangue as possible, 
and to reerush the residue. This process ea]t he repeated indefinitely, but in 
practice the added cost and the mechanical difficulties limit the number of repe¬ 
titions to one or two. The sizes to he crushed to and the number of repetitions 
will vary for different ores and can only be determined by ex])eriment. The 
things to be considered are the quantity and value of the products and the cost 
of crushing and separating. 

For some ores such as free milling gold and silver ores, graphite, cassiterite, 
etc., it’ is necessary to crush very fine at the start and in this case there is no 
repetition. 8. I. Jtallctt of Aspen, Colorado, advocates this method for other 
ores. He claims that any given ore has its crystals, (not masses of crystals), in¬ 
cluded within a very limited range of sizes and that by crushing to a size within 
this range, practically all of the values will b(! unlocked. He further claims that 
by the use of a jerking table of the Willley type he is able to save the fine stuff 
which would usually go to waste. 

The ideal thing in crushing would be to have every grain of mineral remain 
intact and be entirely cleaned from all adhering particles of gangue. This is 
impossible to obtain in practice and there will always be some particles of min¬ 
eral which have particles of gangue attached to them or which are entirely sur¬ 
rounded by gangue. Such particles are known as attached or included grains 
and help to make up the middling product in the subsequent separation. 

Work Required for Crushing. 

§ 250. Rittinoer’s Theory.— Rittinger has proved mathematically that the 
work of crushing is proportional to the reduction in diameter. Assume a homo- 



* 

geneouB 1-inch cube which requires A foot pounds of work to divide it on a plane 
parallel to One of its faces. To divide it ttito ^ , 

8 j-i^ch cubes requires 3 planes (see Fig. 185), and work is 3A foot pounds; 










LAWS OF CBUBBim. 


305 


§ 251 

27 i-inch cubes requires 6 planes (see Fig. 186), and work is 64 foot pounds; 
64 J-ineh cubes requires !) pianos and work is 94 foot pounds; 

126'J-inch cubes T-oquires 12 j)lanes and work is 124 foot pounds; 

--inch cubes re(juiix‘s :!(«-!) planes and work is 3(n-l)4 foot pounds; 
OT^-l-incIi cubes reiiuiies planes and work is 3(wi-l)4 foot pounds. 

The ratio of the work required in two diirereiit cases will be as »-l: to- 1 where 
n and m are the re(aj)rocals of the diameters crushed to. In most cases the 
values of ni. and ii are large enough so that the 1 can be neglected and the law 
then stands that the work is very nearly proportional to the reciprocals of the 
diarraders cruslu'd to. 'J'hus to crush a 1-inch cube into -sV-itich cubes will 
require about 5 tiin(‘s as much work as to crush it into |-inch cubes. 

The above ligurcs also show that the work required is proportional to the 
number of planes of fracture or in other words to the increase in surface of the 
particles. 'I’bis gives a iiu-asure of the work required where, as is the case in 
practice, the (lartiilcs of the ))roduct are not cubes, but arc of irregular shapes. 
Itittiiiger suggesled that the iiici'case of surface on irregular shaja'd grains might 
be determined by weighing the water necessary for wetting the surface both before 
and after crushing. 

Itittinger’s theory c\|ilainK why the strength of rough granite blocks in Table 
176 is so mueh less than smooth granite cubes in Table 171. In the former 
case the stones bad but a few points of bearing and W'crc split or broken into only 
a few fragments, while in the latter case the cubes were bearing all over two faces 
and W(‘rc more or less crumbled when they broke, thereby requiring more work 
and consequently more pressure. 

S 2,’)!. Von Ruytt's Tksts. —Von lieytt has recently made an e.xhaustive series 
of tests at I’rzibram to determine how mairly Itittinger's theory holds in practice. 
The avi'ragi Pizibrain ore consists mainly of quartz, caleite, argentiferous galena 
and blende. Th(> specilic gravity of average ore is 3.13 and of calcitc 2.75. He 
first showed that while the adhering moisture is appro.ximately proportional to 
the amount of surface on coarser jiarticles, it does not hold on particles below 
0.35 mm. 

He tested crushing in a Blake breaker, in rolls working under various condi¬ 
tions, in a one-rueinr mill (much like the Heberli mill except that one of the 
discs is stationary), in a Sclirauz mill and in gravity stamp,s. The results of 
his work are given in Tables 177 and 178. The method of making a test was 
ns follows: Ijiimp.s of one size were fed to the machine. The power used was 
measured over a space of 8 to 15 minutes by means of a Seyss dynamometer, both 
while crushing and wliile running emiity. 'Phe crushed products were carefully 
sized, as shown in Table 178. The surface of the particles in the coarser sizes 
was jneasured directly and the surface of an average particle multiplied by the 
number of particles in a kilogram gave the surface of a kilogram. From the 
coarser sizes he was also able to obtain a factor showing the relation of the aver¬ 
age particle of any given size to the mean sieve hole, that is, the mean of the 
siexe Inde through wbicb it passed and of that on which it rested. This factor 
served on the finer sizes to reckon the surface of a kilogram of any size, when the 
number of particles per kilogram was known. With round hole sieves the sur¬ 
face of a mean particle was 3.4 to 4.2 times the area of the mean sieve hole, or 
1.27 times the surfaeo of the mean particle changed to a snhere where the diame¬ 
ter of the sphere was about 0.87 times the diameter of the mean sieve hole. For 
square hole sieves the surface of a mean particle was 4.0 to 4.2 times the area of 
the mean sieve hole. The greatest assumption made in the calculation was in 
putting into one class the finest particles, namely those from 0.1 mm. to 0, and 
dividing the sum of these diameters by two to get the average diameter. It is 
of course impossible at this point to obtain a value that is entirely satisfactory. 
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All conclusions were based on gross power since the figures given in Table 177 
for net power obtained by subtracting the power when running empty from the 
gross power, do not properly express the power applied to crushing. 

The conclusions arrived at were that the ratio of work done to increase of sur¬ 
face is fairly constant with coarser sizes, but with finer sizes the increase of 
surface is much more rapid than the work required to produce it. For Przibrara 
ore he advanced the conclusion that the increase of surface per horse pow(>r varies 
between 20 and 40 square meters and approaches an average of 2r) s(|uare meters 
only under similar conditions of crushing wlum the quantities of feed are cliosen 
to correspond, since the power used is dej)endent upon, but is not proportional 
to the amount of feed. 

Incidentally tli(' work brought out the following additional facts. It should 
be borne in mind that in his tests the rolls were all doing free crushing. Slow 
running rolls produce more fines than fast running, the (|uunti(y of returns to 
be recrushed being the same and the eaparaty jier horse power less wiih the slow 
rolls. With spaced rolls crushing moderately fine material the quantity of re¬ 
turns is considerahly higher than wdth close rolls, the amount of iinc.s being the 
same and the capacity per horse power higher in the former case. S)iaced rolls 
are to he recommended for coarse crushing only. Spaced rolls countei'act the 
tendency of slow running to jrroduce lines. For economy rolls should he run as 
nearly to full capacity as possible since the capacity j)er gross horse ])ower in¬ 
creases with the increased capacity. Strongly compressed rolls increase fines, 
decrease the returns and reduce the capacity per horse power. The Schranz mill 
produces less returns and more fines than rolls, but rolls would give Just as 
many fines if the extra amount of returns was recrushed. The one-runner mill 
gives more returns and less fines than the Schranz and has less capacily per 
horse power. Stamps give no returns, produce the most fines ami havt* the least 
capacity per gross horse power. The most economical crushing machine is that 
which ke(>ps the amount of returns as low as possible and at the same lime makes 
the least fines, since it is the making of fines which consumes the greater part 
of the power. 

Von Reytt was also able to estimate from the data obtained the amount of 
work necessary to reduce a given weight of Przihram ore consisting of lumps 
all of the same size, to any given size. These figures are given in Table 179. 

TABLE 179.— WORK NECESSARY FOE CRUSHING 1 KILO OF DIFFERUNT SIZES OF 

ORE. 


Size of Feed Id inin. 


. Product ftU Liaa Between. 

«4 1 HZtolfi 

1 16 to 8 1 8 to 4 ; 

1 4 tu 1 

1 1 t(i 0 3 

1 Work Required in Kilogrammeters. 


S5 

m 

m 

780 

1.080 

2,020 







165 

865 

786 

906 

1,905 






100 

560 

800 

1,800 





400 

700 

1,700 




840 

1,240 



1,000 



This table shows for example that 1 kilogram of Przibram ore ranging be¬ 
tween 8 and 4 mm. in size requires 700 kgm. of work to reduce it so that the 
product shall all lie between 1 and 0.3 mm. in size. While the figures in this 
table are not sutfi''iently verified, tests that have been made, by Von Reytt show 
a fairly good correspondence between results calculated by the table and those 
obtained by power measiireraenl. 

The fi;rures for work obtained by experiment show more favorably than the fol¬ 
lowing figures from actual mill work at Przibram, which are averages for a'yoar. 
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Rolls crushing 64-32 mm. grains to pass through 8-mm. screen used 144,600 
kgm. per 100 kilograms; a Schranz mill, a one-ruiiiier mill and a stump mill 
all crushing 8-6 mm. grains to pass through a 2-mm. screen used 230,857, 
385,143 and 642,061 kgm. respectively per 100 kilograms. These figures are 
larger than those given in Table 177 in the experimental trials. The product 
of rolls in mill work yielded the following sizes: 8 to 4 mm., 46.20%; 4 to 1 
mm., 32.22%; 1 to J mm., 11.65% ; J to 0 mm., 9.93% ; making a little more 
fines than in the cxj)eriments. 'Phe Hchranz mill yielded more fines in mill 
work than in the experiment, while the one-runner mill gave about the same 
sizes under both conditions. The stamps in mill work gave 60 to 70% below 
J mm., which is considerably larger than that in the expei'iments. 1’he increased 
amount of work required in the mill over and above what is required in the 
experiment is due to: (1) the machines not being fed up to their full capacity 

Size Oi Ore Grains. Each diviHion'cquals-j^of un inch. 



PIG. 187.— DIAGUAM or SIZING TESTS OP THE PRODUCTS OF TUSTIN MILLS AND 

OP STVMPS. 

all the time; (2) the recrushing of ore already sufficiently fine; (3) poor arrange¬ 
ment ; (4) greater friction of machine. 

§ 252. Eodoh Rules fou Poweu. —Figuring horse power fi-om Table 179 we 
find that the use of 2,020 kgm. to reduce 1 k. of 04-mra. lumps so that the product 
shall all be below 0.3 mm. (0.012 inch), is equivalent to 1 horse power for 
every 3.6 tons crushed in 24 hours. There are a few rough rules which are very 
often applied for estimates of power, and which are we'! within safe limits ^or 
average ore. Among them are Oates’s rule that breakers need not over 1 horse 
power to crush 24 tons per 24 hours to pass through a 2i-inch ring; a rule given 
by C. M. Ball that 1 horse power will crush 3.84 tons of average ore per 24 
hours tOiV inch; a rule given by Hallett that 1 horse power will crush 1 ton of 
quartz per 24 hours to 60 mesh. In addition to these rules. Mill 94 reports that 
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1 horse power crushes 1.7 tons per 24 hours to 20 mesh; this figure includes also 
the power used for elevating and screening. At the Lake Su])erior steam stamp 
mills, 1 horse jinwer cnislies 1.(1 to 1.8 tons p('r 24 hours from :U or 4 inches 
down to ineti. All of tliesc preceding figures agree more closely than at 
first aj)pears, if one takes into account the amount of reduction in each case. 
Edison at Mill 91 does much hotter than any of them, lie is able to make 1 
horse power reduce 1.3.2 tons to 0.00 inch or 8.2 tons to 0.02 inch. Ills power 
measurements were made hy the use of a motor and a wattmeter. 

§ 2.53. Waconeu's Theoky. —In disciassing the Tustin mill, which yields an 
extraordinarily large percentage of coarse grains because the product is discharged 
nearly as fast as it is crushed to the size of the limiting screen. Luther Wagoner 
has shown, by the sizing test of its work on hard quartz (Fig. 187), that an 
almost equal weight of grains for any diameter was in that ease made. This, 
taken in connection with the fact that for a given wc'ight of ore the total surface 



of all the particles varies inversely as their average diameter, shows that in the 
product of a Tu.stin mill lying between 1 and 0.001 mm., the particles between 
0.001 and 0.01 mm. in size have ^ of the tot.il surface, hut only amount to.i-J,i 
of the total weight, the particles between 0.01 and 0.1 mm. in siz(! also have of 
the total surface and amount to tStt of tho total weight, and the particles be¬ 
tween 0.1 and 1 mm. in size have the remaining i of the total surface and amount 
to of the total weight. Further, if work expended is proportional to surface 
produced, then 270 tiniea as much work is expended on 1% of the ore at the 
fine end as on l^o of the ore at the coarse end. In the case; of stamps where 
the grains are not systematically discharged as soon as crushed, there will be 
a decrease in the grains of larger diameter and a corresponding increase in 
those ol smaller diameter. (Sec curve of stamps on hard quartz, Fig. 187.) 
In tliese two specific cases of Fig. 187 he has calculated that the surface on 
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grains between 0.037 and 0.00004 inch (0.940 and 0.001 mm.) is about 7 
times as great in the case of stamps as in the case of the 'I’ustin mill and con- 
setjuently the stamps should take about 7 times us much power as the Tustin. 
This is nearly borne out l)y actual power measurements, which gave 1.33 horse 
power for Tustin mill, 6.14 for stamps. 

15 251. Till! Autuok's 'I’hsts. —The author tnade 19 tests of various weights 
of pure quartz rock (specific gravity 2.640), ranging from 277 to 991 gi'ams, to 
get ai UK! a\cjage pressure to be exerted in erushing by rolls. Incidentally some 
figures were obtained on work recpiired in crushing. The sam]tles bad l)ecn 
crushed in a Wake breaker set at IJ inches and all below 0.393 inch (10 mm.) 
was screened out. Each sample was placed between the faces of the Olsen vertical 
testing inacliine, the particles being spread out so as not to interfere with one 
anolher, and the .samjile was gradually crushed until the distance between the 
faces of the machim' was ^ inch. The pressure exerted was read at various in¬ 
tervals and at the same time the distance hetween the crushing faces noted. The 
pressures weiv all reduced hy j>roportion so as to read for one ])ound of quartz, 
these results plotted, their averages calculated and from them an average curve 
drawn ns shown in Kig. 1H.S. The lines connecting consecutive points of each test 
are omitted for sake of clearness. Fumi this curve can he seen at a glance the 
average pressure acting at any point during the compression. 



To a[)ply these results to the ease of rolls, an average pair of rolls was assumed, 
21 inches in diameter, running at a ^teripbery speed of 6t)0 feet ])er minute 
(954 revolutiom) and crushing 100 tons of quartz rock ])er 24 hours from to 
J inch, that is, they are set J inch apart. Then for various values of the angle 
T (see Fig. 189) measured u]) from the horizontal, the distance d between the 
rolls will be as shown in Table 180. 


'I'Ani.E 180.—nrsTANCES liETWKEN THE KOLLS FOR VARIOUS ANOLKS. 


Value of T. 

DiHtance Betwot'u 
Holls. 

of T. 

Distance Between 
IM\h. 

Value of T. 

Distance Between 
RoUs. 


Imrhos. 

De^rroes. 

Inches. 

Degrees. 

Inches. 

16 

1.487 

10 

0.878 

4 

0.560 

15 

i.oM 

9 

0.805 

8 

0.584 

14 

1.250 

8 

0.741 

2 

0.515 

18 

1.142 

7 

0.684 

1 

0.505 

11 

1.047 

6 

0.6S6 

0 

0.500 

11 

0.958 

5 

0.593 




The diameter of the rolls being 24 inches, 1° of arc corresponds to — g-— or 

0.20944 inches. The amount of ore upon 1' of the .lircumferoncc where the 
rolls crush 100 tons per 24 hours (138.9 pounds per minute), and run at a 

periphery speed of 600 feet per minute will be— 24x6dx()00xl2 ~’ 

pounds. 
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Prom Table 180 the average horizontal distance between the rolls for each 
degree counting upward from the horizontal may be calculated and it is shown 
in the second column of Table 181. The pressures for 1 pound of quartz for 
each of these distances may be obtained from Fig. 188 and. reduced to correspond 
to 0.00404 pounds, arc shown in the third column of Table 181. The fourth 
column shows ihe horizontal distances through which the forces act when the 
rolls revolve through 1° .and the fifth column gives the total horizontal distances 
through u'hicli Ihe foiws ael ])er minute with the rolls running at 9.5^ revolu- 
f/ons, or aoo foot peripberv s|)ecd per minute. 'Phe sixth column giving the 
foot pound'! of work done on each dogroc of arc per minute, is obtained bv multi¬ 
plying the third column by the. fifth. The sum gives the total foot pound.s per 
mmide, and divided by 3:1,(100 gives the horse power which is 0.805. The sum 
of the third cohimn amounting to ;138 pounds is the average pressure exerted 
by the journals of the rolls in crushing. Those figure.s may be somewhat lower 
than those obtained in practical running owing to the fact that in the to.ds the 
pressure was applied very gradually. It is a known fact that where the pres¬ 
sure is applied quickly, the strength of a sample increases until it is sometimes 
double. 


TABI.E 181. —OOMTOTATION OF WORK FOR CRUSHING. 


Number of the fh*- 
cree of Arc <N>untinK 
from the Horizontal. 

AveragePistanoe 
B<*tw(H'n Rdils. 

Average I.rfiad 
for each Degree. 

Horizontal Dis¬ 
tance Passed 
Tlmmgh per 
Degree. 

Total Horizontal 
DIstant'e per 
Minut«‘. 

Work Done per 
Minute. 

Iflth. 

16th. 

Feet 

0.I1K8 

O.IOKO 

O.iKIOT 1 

0 ()»12 

0 0885 

0 orriT) 

0.0701 

0 0644 
! 0.0504 

, 0 0550 

0.0512 

0 0180 
o.oinc 

0.0.187 

0 0125 
• 0.0410 

Pounds. 

0.20 

0.(50 

Feet. 

O.OtKIO 

Feet. 

840.862 

810.296 

292.280 

864.736 

840 660 
220.«j88 
1115.966 
171.900 
151.872 
! 130.644 

110.018 

82 512 

65.828 

41.256 

20.088 

6^76 

Foot Pounds. 
63.3 

t4th. 


189.8 

lath. 

1.22 


895.2 

mb. 

0.0070 

323.0 

nth. 

7 W 

1.1M.8 

10th. 


1.781.7 

»th. 



2,284.2 

8th. 

ifl im 

0 .(1(150 

2,607 7 

7th.. 



8,983.2 

8,153.7 

6th. 

29.60 


5th. 


3.266.4 

4th. 



2.916 8 

8rd. 

2nd. 

48^68 

46.05 

u.iAiiy 

0.0018 

0.0006 

2.612.9 

1,HOO.O 

940.0 

Total. 

_ 827 77 


825.0 

26,5.57.6 


It should be noted that the 0.805 horse power is brought up to the 5 to 10 
horse power used by rolls in practice, by the journal friction, and the 338 pounds 
pressure of springs is brought up to the 5,000 to 10,000 pounds pressure sup¬ 
posed to exist in practice, by the variation in the work. At one instant the 
rolls arc idle, at the next they may be asked to do many times the average work. 

Sizing tests of the products of some of the tests W'cre made and are as follows; 


Test No. 

W^gtii in grams. 

1 

.528 

2 

.504 

3 

667 

4 

681 

10 

803 

11 

379 

19 

297 

On2mesh (a)...... 

Through 2 on S mesh. 

Through 8 on 4 mesh. 

Through 4 on 5 mesh. 

through 6 on 6 mesh. 

llu ough 6 on 8 mesh. 

Through 8 on 10 mesh.... 
Birough 10 mesh . 

Total. 

% 

27.76 
82.70 
10.84 
6.08 
8.04 
8.42 
8.61 
12..54 
_# 

% 

35.35 

85.61 

7.47 

4.71 

8.60 

2.K6 

2.53 

8.75 

i 

26.17 

81.88 

12.78 

6.33 

8.10 

4.02 

8.77 

11.66 

% 

22.38 

84.92 

10.82 

6.98 

2.86 

8.97 

8.97 

14.60 

!f 

8.5.t® 

48.48 
6.89 
4.96 
1.98 

2.48 
2.20 
7.44 

% 

24.60 

39.42 

8,20 

6.82 

2.65 

8.18 

8.44 

12.70 

% 

87.84 

82.77 

9.80 

4.78 

8.08 

2.70 

2.08 

8.11 

99.90 

1 

^.97 

99.99 

100.00 

100.00 

100.01 

100.01 


(o) For iujtual Bbsea of the holes (n these screens see Tnble 
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§ 255. Effect of Strength and Specific Gravity on Power dbed.— Vezin 
has pointed out that the variation in power due to the varying specific ^avity 
and strength of the rock is frequently lost sight of. Thus in Table 171 the com¬ 
pressive strength of granite is twice as great on an average as that of sandstone. 
Consequently it will take twice as much power to crush a ton of granite as to 
crush a ton of sandstone. In the case of porphyry, in the same table, the differ¬ 
ence between the strongest and weakest samples coming from different locali¬ 
ties shows that over twelve times as much power is required for the strongest 
rock as for the weakest. Regarding specific gravity, barite is almost twice as 
heavy as quartz so that, even if the strength was the same, it will take only about 
one half as much power to crush a ton of barite as to crush a ton of quartz, 
since the bulk is only half as great. To carry things to an extreme case, sup- 
pos(! that pure (juartz anil jiure galena are to be crushed. The galena is about 
three; times as heavy as the quartz and according to Rittingcr it is only about 
J as strong. Then the final result will be that it will take only iV 

much [lower to crush the galena as the quartz; that is, assuming that it costs $1 
to crash a ton of quartz then it would cost only tij cents to crush a ton of galena 
under the same conditions. 

(ioodale roiions a practical illustration of this at Mill 40, where in treating 
their hardest ores their caiiacity is 218 tons per 21 hours and the engine gives 
177 indicated horse power or 0.812 horse power per ton. On softer ores, however, 
they have treated as high as 370 tons, using 171 indicated horse power or 0.455 
horse [lower per ti.n. it should be noted in this case that the engine supplies 
power for concentrating as well as crushing. 

It will be seen froni 'Pable 175 that power might he saved by heating the ore 
and quenching it with water previous to crushing. The cost of the heating, 
and tiic introduction of greater losses in other directions, as shown in §5, how¬ 
ever, gcncially [irevent any ultimate, saving in this way. Rittingcr reports 
that for a s|)ecial ease in stamping quartz ore the capacity with the same power 
was 157 b higher on roasted than on unroasted ore. 

Comparisons of Various Machines. 

g 256. Comparisons in Generai,.— Summing up the preceding theory it will 
ho seen that if it is desired to crush with the least expenditure of power and to 
make the least slimes, then the rock should be broken as far as jiossible by split¬ 
ting and the particles of the product that are sufficiently crushed should be gotten 
out of the way immediately, that is, there should be “free crushing.” 

In choosing the maihine the points to be considered are the first cost, weight, 
number of wearing parts, power, speed and wear. These should all be as low 
as possible consistent with, strength and cdiciency. At the same time the machine 
should be simple in construction, easy to erect and operate and the wearing parts 
should be easily renewed. The chief drawback to the impact machines is the 
high speed. The use of water is in general to be recommended since it aids “free 
crushing” by removing the crushed product and it also prevents dust and perhaps 
conse(|uent loss. For grinding machines those which have the grinding faces 
running concentric are liable to wear in grooves while eccentric grinders do not. 
There is more wear in grinding machines than in pressure machines and conse¬ 
quently there is more heating of the product unless ..he machine is run wet. 
This may be seen from the action of the grinding surfaces. A particle of ore 
coming between them is acted upon in two ways;—if it is much larger than the 
space between the surfaces it may he drawn in and crushed hy pressure more 
or less modified by shearing; or if of nearly the same size its surfaces will simply 
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be worn off by a grinding or abrading action of surface on surface, the harder 
surface of the niaciiinc l)oiug but sliglitly acted upon. In grinders less pressure 
is requin^d to break Ibe j)articles than in direcd pressure maeliines, just as a nut 
is more readily brok(>n under one’s heel when a twisting motion is given to it 
than when the weight of one’s body alone is used. 

The selection of the particular machine to he used will depend upon the char¬ 
acter of the ore and tlu; method of extra(;tion to he adopted. Rolls are the stand¬ 
ard machine for erushijig all the brittle ores in j)reparation for concentration 
except where very fine crushing is needed. The steam stamps used at or near 
Butte, Mont., are the only exception.* The large steam stamps arc the standard 
crushers of ores containing malleable minerals such as the native copper of Lake 
Superior. Gravity stamps hold their own for line crushing. When acting on, 
brittle minerals tliey tend to produce large quantities of slimes, owing to the 
faet that the ))artieles cannot escape from the force of the blow until it is s])ent 
and the. stamp lifted, and even then the stamp may fall again upon particles 
that arc fine enougli to he discharged. 

When crushing ores containing malleable substances as copper and gold, the 
stamp lends to break up the flaky leaf-like forms and to turn out smaller grains, 
but they are grains which will settle to their projier place in the concentration 
work. Secondly these metallic grains, when buried by quartz, are scoured and 
brightened by the following blow of the stamp yielding, in gold milling, jiartieles 
which amalgamate readily. In the process of scouring, however, an exceedingly 
minute grade of particles is made, too fine to he caught pcrfer tly by vanner and 
for which, in gold milling, the amalgamated plate is the chief eorreelive. In 
concentrating native eopj)er this fine grade of abraded metal is partly saved on 
the slime washei's, hut a portion is lost. Several other fine jmlverizers are eom- 
petiiig for the place occupied by gravity stamps, of which promincjit examples 
are the Huntington and Bryan mills and hall mills. Rolls also are preferri'd 
to stamps for fine crushing where the ore is to be roasted or leached, and it is 
desirable to keej) the jicrcentagc of slimes as low as possible. 

The grinding machines are employed to some extent for pulverizing the mid¬ 
dling products from jigs, products which contain the portions of the rich mineral 
that arc most difficult to servo from the ganguc. Acting as they do, partly by 
abrasion and partly by pressure, they are apt to make less slimes than stamps 
and more than rolls. On malleable metals, for example native copper, the effect 
of this grinding is In roll up sonu! of the eoiqier into spheres and cylind(^rs and 
to slime an insignificant amount by the abrasion. 

^257. CoMi>AiasoN OF R<)U.s .\nd Stamfs.— The relative advantages of rolls 
and stamps have been the cause of considerable discussion. The great differences 

TAM.E 182.— ^VF.LOCITY OF AlTnOACH IN HOLLS. 


Value of T. 

Distance 
between Holls. 

Velocity with which 
tlie Points of (Jontact 
approach each Other. 

Deicroes. 


Inches per Second. 

16 

1.487 

66.2 

10 

0.87R 

41.7 

5 

0.59S 

20.9 

0 

0.600 

0.0 


in their action will be brought out if one compares the acting velocity of stamps 
and rolls at the moment when the attack upon the ore is made and also the 
manner in which each machine parts with that acting velocity. Rolls 24 inches 


* Now almost entirely replaced by rolls even there. 
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in diameter, eet J incli apart, and revolving 95J times per minute have a circum¬ 
ferential velocity of 120 inches per second, hut the acting velocity is the velocity 
at which the points of contact of a particle of ore (««! Fig. 36), approach one 
another. This velocity is obtained by multiplying 120‘hy twice the sine of the 
angle 3’ (sec Fig. 169), and its values are shown in Table 182. 

This table shows that the acting vclo(‘ity diminishes according to a trigono¬ 
metrical law without regard to the hardness or strength of the ore. 

If one considers a stamp on the other hand as the typical blow-striking machine, 
we have the acting velocities at the moment of attacking the ore, given in Table 
183. and wo know that it loses its velocity at a rate dependent on the hardness 
and strength of the ore. 


TADLE 183.- VEI.OCITIES OF FAI.E IN STAMPS. 


Height of Prop. 

VolocHy acquired at 
Kufi of Drop. 

Height of Drop. 

Veloi'ity acquired at 
End of Drop, 


Inches per Second. 

Inches. 

Inches pt*r Second. 

8.6 

52 HO 

12.0 

00.36 

4.8 

60 84 

14.4 

105.48 

6.0 

6H.16 

16.8 

114.00 

7.2 

7iM 

10.2 

121.80 

0,6 

H6.16 

21.6 

120.24 


From comi>aring the two tables it ai)pears that rolls attack at low speed and 
lose velocily gradually "bile stamps attack at high speed and lose velocity sud¬ 
denly. The two operations are therefore totally different. 

Sizing tests of tlic products of rolls and stamps as well as two other machines 
all working on similar ore, are given in Table 184 and serve to show how the 
eharaeterislics of tlie machines arc indicated by the quality of the product.” 
Other siz ng tests are given under individual machines. 


TAin.E 181.— SIZING TEST.S OK DIFKEUENT CIUISIIING MACHINES. 


Name of Machine. 

Kind of Ore. 

Size crushed (o 
m meshes ptir 

Percents which pass the next eourser 
KKive and remain on sieves with the 
following mesties per linear inch. 



linear inch. 

SO 

40 

60 

00 



30 

% 

5.60 

i 

12.66 

% 

17.58 

* 

64.16 

Wet stnuiiis. 

Pry stamps. 

(ihtffly nyritic banket.... 

26.46 

20 

11.15 

20 30 

28.58 

O.HO 

0.21 

21.80 

51.11 

40.10 


20 

2C.6.3 

09 

13.06 

20.80 



22.m 

fl.80 

41.85 

15.88 

3.3.47 



22.36 

20.07 

24.88 

13.K8 

41.67 




20.17 

24.30 

24.30 

31.23 




— 




(o) The local norao In South Africa for quarto conglomerate carrying some pyrite. 
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PART 11. 

separating, concentrating, or washing. 



PART II. 

SEPARATING!. (.'O.N'CENTRATING, OR WASHING. 

Tlie purpose of the second pari of Ore I)re.ssing (“Coiieentviitioii" pro])er), is 
to sepanito the vahiiihle minerals from tho waste, or to separate one vahiahlo 
mineral from ajiother (tlierehy eiihaiieing their value), or holli, hy utilizing tlie 
various jihysical properties of the minerals that are availahle for tho.se emls. 

Separating, like crushing, generally divides into preliminary, linal and auxili¬ 
ary work. The preliminary machines (log washers, screens and classifiers) are, 
as a rule, unahlc to do finislied work; tluw simjily divide up the ore into a set of 
preliminary products wliieh are well suited for treatment by the final or finishing 
machines (picking tables, jigs, vanners, slime tables, magnetic c(mcentrat()rs, 
etc.). These latter machines separate the valuable minerals from the waste, 
but they often yield middling products needing further treatment. Tlu’se mid¬ 
dling products may be made uj) of either or botli, of two classes of grains: (1) 
“included grain.-,’’ that is, grains in which particles of valuable mineral arc 
attached to or included in [larticles of gangue; and (t!) “unfinished grains,” 
that is, grains which are, composed wholly of valuable mineral or of gangue, 
but which have escaped Reparation owing to their shajic or relative size. 



CHAPTER VIII. 

PREIJMINAKY WASH KRS. 


§ 258. Preliminury wasliers iiichido tnuigli washers, log washers, wash trom- 
niels, washing pans ai\il hydraulic giants. 'I'licir province giMierally is to disin¬ 
tegrate and float adhering clay or fine stuff from the coarser ])orti<)ns. The 
latter may or may not he turned over to other ])roeesses for further concenlra- 
tinn. Some forms deliver the coarse and fine products separately; others do 
only the work of disintegrating, and require a subsequent machine to make the 
separation. 'I'lie disintegrating is done hy using a consnh'rahle amount of run¬ 
ning water, aided hy some form of stirring device. These same machines are 
also sometimes used to enrich jiarlly eoneentrated produets. Several such arc 
deserihed in this chapter heeause their ■■onslruetion and mode of operation place 
them here. Tlie,so washers are of three classes: 

(«) 'I'hosH using hand tools for stirring; trough washens. 

(i) Those using some form of rotating stirrers driven hy power; log washers, 
wash trommels and washing puns. 

(c) 'I'liosu using tli<“ foree of a water jet: liydraulic giants. 

S 2,5!). 1''ii3 Titoi'CiiL Wasiikk, in its simplest form, is a siojiing wooden trough 
to 2 feed wide. H to 12 feet long and 1 font deep, o))en at tiie tail end, but 
elosed at tlie 'lead end. Other forms, ingeniously eomliining rillles and sieves, 
are deserilic'd liy different authors,* ’ but tliey roll tiio aiiiiaratus of its sim- 
plieity, wliich is its main advantage. 

'I'rmigh wasliers are u.sed in large works in a sullordinati' way, for working up 
small quantities '.f a rieb product wiiere more expensive up]mratu,s is not war¬ 
ranted. Tliey arc also used in small works as jiart of tlie main process. 

in Mill 2 ii trougli waslier is used wliieh is 2 feet wide, 11 feet long. 1 foot 
deep, witli the bottom .‘i inelies liigher at tlie tail than at the head end. Tlie tail 
end is open, hut the liead end is closi'd. Tlie water, which is sujiplicd at the 
lieud Ill litxiral quantity, falls into the trough from a heiglit of 12 inches, exert¬ 
ing i,onsiderahle washing force. The ore. which is mine ore ranging from 3 
or 4 indies to 0, is shoveled over and worked toward the liead until the line 
stuff is removed, and is then shoveled to a gravel screen, ff'he rise of the 
bottom toward the tail allows larger charge,s to he worked, and jirevents the loss 
of cerlain small siaes of rich ore wiiich would be carried off in the ease of a down¬ 
ward slope. The quantity of water used is such as to make it about 1 inch deep 
at the tail. About 8 tons of ore are treated in 10 hours. 

In Mill 12 a trough washer is used for removing line clay from sand, prepara¬ 
tory to jigging. It has a level bottom ‘Ki inches long, with the liead end sloping 
down to the bottom at an angle of about 05°. The remaining dimensions are as 
follows: 


! 

Top Width. 

Bottom Witlth. 

Depth. 


86 iDches. 

24 incbeti. 

84 inchos, 

80 inches. 

18 inches. 

6 inches. 
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n ys fr,} n^Jth ,}ra}nings from the finest washinff plate (which has holes | 
/dcA in (//Vi/netcr) by & f6cd box lunniTig ticross the upp6r 6iiQ) with e slit tn6 
whole length, and a water pipe regulated by a cock. During charging the sand 
IB pushed back by a shovel.^ A dam at the tail made of bars, one on another, held 
hetvfceu side cleats, is heightened as needed. The washer yields: (1) Coarse 
sand, Mt in the washer; (2) fine sand in a little tailings tank; (3) clay waste. 

Mill 22 has a “trunking table” 5 feet wide, 4 feet long, nearly horizontal, 
covered with steel plate. It has raised edges, 4 inches high, on the two sides 
and the upper end. The concentrates from the jigs ranging from over 12 mm. 
down to less than 3 mm. in size, are raked back and forth to rid them of the 
last of the limestone, which is carried to a hopper beneath, by running water. 
This hopper has sides sloping 45° to a 2J-inch spigot, which delivers the coarser 
sand by a centrifugal pump to the first trommel. The overflow of the hopper 
goes to No. 3 settling tank. The cleaned ore is shoveled from the table to a 
ear, and wheeled away. 

At Mills 4G and 48 trough washers are used for cleaning up the residues left 
in the steam stamp mortars, called cover work, consisting of rounded nuggets 
of copper of all sizes from 4 inches in diameter down, mixed with rock of the 
same range of size. They are 12 feet long, 18 inches wide, 12 inches deep at 
the head end and G inches deep at the tail end; and are built of plank, with 
plate iron lining for bottom ami sides. They slope down toward the tail end 
3° 35 or J inch in 1 foot. A similar trough is used in Mill 45. The operation 
is as follows: A large quantity of water is let in at the head, and the rock and 
copper are shoveled into the stream, and by a skilful turning over of the mass, 
not only is the fine stuff washed away, but the rock is separated from the copper, 
the former being sent back to the stamps, the latter to the smelter, and the 
fines sent to the jigs. 

In Mill 72 a rocking table is used to further clean the concentrates from the 
vanners. It is 12 feet long, 20 inches wide and 5 inches deep, and slopes down 
toward the tail end J inch in 1 foot (1°10'). It is mounted on two transverse 
rockers, which are 24 inches long, 2^ inches deep at the ends and 6 inches deep 
in the middle. The rocking potion is imparted by a side arm and a vertical 
connecting rod leading to an eccentric. The sides rise and fall IJ inches at 
each stroke. The vanner concentrates are fed with water to this table through 
a screen at the upper end, and are shoveled over and over toward the, head. 
The product is raised about 50fb in value by this treatment. The tailings go 
to the canvas plant. 

A trough washer may have the hand work replaced by mechanical stirring. 
In one instance’ a trough 10 feet 3 inches long, 2 feet 10J inches wide, sloping 
10°, having a semi-eylindrical bottom of 18^-inches radius, carries a longi¬ 
tudinal shaft with stirring arms, the ends of which swing within 1 inch of the 
curved surface of the trough. This shaft is placed at the geometrical center 
of the trough. When it is oscillated (by hand or power) the arms stir the ore ' 
and the lighter grains are carried rapidly down the slope by the water, while 
the heavier grains move but slowly. Scaife has improved this machine by 
putting in riffles to hold back the heavy minerals; and by adopting a hinged 
bottom, which is dropped by a lever at the proper time, and the accumulated 
product thus removed without wasting time and water to wash it down the slope. 

§ 260. Loo Washers. —^A log washer is a slightly inclined trough in which 
revolves a thick shaft or log, carrying blades set obliquely to the axis. The ore 
is fed near the lower cfid, and water at the upper end. The blades slowly 
convey the lumps of ore up hill against the current, discharging them at the 
upper end, while the clay is gradually disintegrated and floated down to over¬ 
flow at the lower end. The disintegrating action of the blades is due partly 
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to lifting and dropping the ore and partly to a knifing or cutting of the lumps 
with the front edges of the blades. The bottom of the trough may be con¬ 
structed semi-cylindrical, with sides raised a little above the level of the axis 
to prevent slopping, or it may be a natural bottom formed by lumps of ore. 
At the lower end there is a dam to partially hold back the water. The upper 
end is open for the free discharge of the lump ore. The ore is fed near the 
lower end on the rising side of the log. This confines the work of the log to 
disintegrating and conveying; while, if fed on the descending side, it would 
become a crusher and would probably break the blades, excO])t where the ore 
bottom is used. The blades are put upon the logs in several ways: in spiral 
rows, having the blades cither with the same or with less pitch than the row; 
or in rows parallel to the a.\is, with the blades oblique. 

In Mill 25 a “trunking machine’’ is used for removing the last of the dolo¬ 
mite from the coiieeiitrates of the No. 1 or preliminary jigs. The trough is a 
plank box about 15 feet long, into which is .set a semi-cylindrical cast iron 
lining, 16 indies inside diameter. 'J'his lining is made in sections 3 feet long, 
and the space between it and the box is filled with wooden blocks. The trough 
slopes 1° (0.81 inch in 1 foot). The log is 15 feet 3 inches long, and has 
bearings at each end and in the middle, its core is 8 inebes in diameter. The 
thread jirefcrred is of V-shaped blades of chilled iron east upon screws (see Fig. 


h- s'H 
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1110). These blades make an almost continuous thread. This form does better 
work than the form i onsisting of annular segments of circles, which makes a 
practically solid, continuous blade. The reason for this is that, in the first 
form, the triangular spaces between the individual blades and the body of the 
log give the dolomite a better chance to be washed down the .slope. The radius 
of the circle dcpcrila'd by the blades is 7^ inche.s, that of the surface of the 
trough is 8 inches, Ica'diig ^-iiich space between the tips of the blades and the 
trough. The ore is fed on the rising side of the log, over a space beginning at 
2 feet and ending -1 feet from the lower end. There are two ^-inch cocks near 
the upper end, for wash water. 'I'he log is driven by beveled gears, pulley 
and belt at the upper end, making 18 revolutions per minute. At the upper 
end it yields smelting lead ore, and at the lower end, middlings. The material 
fed, which has passed through holes 0.117 inch X 0.109 inch, contains 20 to 
25% of load, the finished product 72 to 76%. Thus the trunking machine 
enriches about 3 to 1. Each machine receives about 100 tons in 24 hours. 

The log washer in Mill 4 has a trough 24 feet long. 2 feet deep, and about 
2 feet wide. It slopes 14 inches in the 24 feet (2° 47';. The log is octagonal, 
with flanged blades, each fastened by two bolts. The ore is charged over the 
lower 6 feet, water is fed from a trough with 8 holes spaced along the remain¬ 
ing 18 feet. The slush is used as waste to fill in the pits. The coarse material 
goes to a screen for further dressing. 
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Mill 5 contains two pairs of log washers, or four logs in all (see Fig.^ 101a) 
The di'seription of one log is here gnveii. The trongii, which is niiKle ot d-inch 
pine plsnkj is 3 feet 'wide, 1 foot 5 inches deep and 18 feet o inches long, inside 




FIG, VAh .— RIDE ELKVATTOV OF LONGDALK LOG WASIIEK. 

moasurefi. Into it are put 15-inch lengths of cast iron seini-cylinclors, 1 inch 
thick, with side flanges hy which lag bctcm's hold them to the sides of tlie troiigh. 
When these sections are laid close together, end to end, they make practically & 
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continuous semi-cylindrical cast iron trough, 18 feet 5 inches long, 1 foot 6 
inches deep and 2 feet G inches wide, inside measures. The slope of the trough 
is J inch in 1 foot, or 3° 35'. Tlio log, of which Fig. 192a is a cross section, 
is a cast iron 17 foot 54 inchcB long, 11^^ iiiclios outside uiumctcr and 

l-inch walls. It is Hanged at each end to a cast iron gudgeon (Fig. 192i). The 
prolongation of the lower gudgeon forms a journal S-J inches in diameter, that 
of the iitnier IJ inches diaiueler. The blades or spoons (big. 192c) of chilled 
iron, are ])ut on in fwo threads, 180“ apart, with a pitch of 5 f(a*t, which makes 
the pitch angle 50° 1.5' at the outer ends of the blades; while, on the other hand, 
the plane ofeach hhule has a pitch angle of 2G°. 'rtiere are eight blades to the 
circle, each 8^ inches long, 4 inches wide, sweeping a circle 281 inches in diameter. 



LON’dllAl.n I.Ud WITH liLAUES 
ATTACHED. 



FIG. 192/l.— .ITTAOttMEKT OF l/)0 
TO GUDGEON (LONGDALE). 



They are flanged at their bases, with under surfaces concave cylindrical, to fit 
the pipe. Each pair of two opposite blades is fastened by two f-inch bolts 
passing through llieir flanges and through the log. The radius of curvature of 
the trough being 15 inches and that of the blades 14^ inches, the space, between 
the trough and the ends of the blades is f inch. The upper gudgeon is pro¬ 
longed to form a shaft, which carries a conical sizing trommel ((1, Fig. 1916), 
for treating the enriched product. At the lower end, the gudgeon of the log is 
joined to the horizontal driving shaft by a flexible elute.i coupling, by means of 
which the log may be thrown in or out of gear. The log makes 13 revolutions 
a minute. 

The feed will all pass through an 8-inch ring. It comes from a large hopper 
by a chute, and is fed on the rising side of the blades at about two feet from the 
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lower end. Water is fed at the upper end at the rate of 150 gallons per inmute. 
The capacity of a single log is 200 tons of mine ore in 24 hours, yielding 
of washed ore, which is practically a sized ])roduct, tlu‘ oversize of a M-inesh 
screen (IK, Fig. 1!)16), placed at the head end. An cxiieniiieiit wilh a 20-inesh 
screen, in place of the'li-mesh, increased Ihe yield of waslied ore 4%,, tlie per¬ 
centage of silica and iron remaining practically the same. 

The weights of the component parts of a log are as follows: I he shaft, allow¬ 
ing 05 pounds for the flanges, weighs about T50 pounds; th(‘ two gudgeons, at 
125 pounds each, 250 pounds; the 51 blades at 27 pounds each, l,loS pounds; 
the 54 bolts and nuts at 2 lamiuls each, 10<S ixmnds; total, O.btiC pounds, the 
cost of a complete log would ])robahly be 1} cents per pound 

The blades wear perhaps three months, more or less, according to the depth 
of chill on the wearing face. 'I’he gudgeons last abmii one year. ^ The logs niay 
last five years or more. 'I’he power reiiuired is 6] horse jiower lor a single log 

and its trommel. , . i 

Johnson" gives the following figures for one day s work of the four logs, it 
being the average of six days: Pounds of coal burned per day, 1,17!1.1G; tons of 



FIG. 193. — mclan.'Mian’s doublf, i.og WAsiiEn wi’iMi wooiii;.\ i.ods. 


ore washed, 196.2; tons of washed ore, 138.9; jierceiitage of washed ore to ore 
wasihed, 70.8; number of hours run, 5.375; number of men, including enginei'r, 
6; cost per ton of mine ore for labor, $(1,032; cost pi'r ton of washed ore for 
labor, $0,045; pounds coal burned per ton of mine imy 10.(V. 

The Thomas log washer w^as the first to have two logs in one trough. Its 
trough is usually about 25 feet long, 5 feet wide and 2 feet dei'p, inside measures. 
The bottom and sides are of heavy oak, the ends of east iron. In it are two 
parallel logs geared together. The pitch angle of tho hlade.^ is about 30 . The 
logs are hexagonal in section, and there are three rows of blades on each log, 
.placed along the three alternate faces of the hexagonal pri.srn. Ihe diameter 
of the outside blade circle is about 37J inches, the blades are ahniit 7^ inches 
high. It treats 50 to 75 tons per day and uses 30 to 50 gallons of water per 
minute, consuming 12 to 15 horse power.** 

McLanahan & Stone make both wooden and iron log.s. Their wooden log 
(Fig. 193) is octagonal, f7 inches in diameter between the faces, sheathed with 
iron strap* 2 inches X J inch to guard the comers and as a support for the 
bases of the blades, and has blades put on in two rows in the form of 
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screw thr(!ads, eight blades to the circle. The pitch of these threads is 5 feet. 
The blades are 4^ inches wide and 1 inch thick, and their outer ends sweep a 
circle 88 inches in diameter. Their buses are inches thick. The blade, there¬ 
fore, projects 8 inches in the clear. The blades are removable and when worn 
out are replaced by new ones. 4'h(! bases are .screwed to the logs and have two 
taper dove-tailed lugs. The chilled blades have taper dove-tailed bases which 
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drive io si tight fit betwemi the lugs, woodim wedges holding them in place. 
'I'lie pilch angle at the oiili'r ends oi' i hese blades is ‘.iO", which corifsponds to 
a pitch of 8 feel It inches. The gudgeon consists of a jounial and tlunge bolted 
to a Hanged octtigonai socket, into wliii-h tlK‘ end of the log is titled and pinned. 

The steel log, as made in 1808 (see Fig. liM), i,s composed of four stool angle 
irons, Inning llanges (i inehi's wide and 5 io ■] inch thick, with angles inward. 
They are spac-ed wide enough for bolting the blades between them. Those angle 



FIG. 10,’). —DETAinS OK McUANAUAN’s LOG WASTTEK. 


irons aid in the wa.shing. The blades are of chilled iron on log and of rolled steel 
on gudgeon. Blocks are placed to line up and rigidly hold the blades. The steel 
blades are | inch thick at the tip and IJ inches at the base and 5 inches wide. 
They are twisted to suit the pitch angle, 22i°, making the pitch 40 inches. Each 
blade is held by two bolts. Their tips sweep a circle 2.’)4 inches in diameter. 
There are only four blades to the circle, as there are but four spaces in which the 
blades can be bolted. The gudgeon consists of a journal and a flange, bolted 
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FIG. 196. -A KIVER BARGE EQUIPPED WITH TWO DOUBLE LOG WASHERS IX SERIES. 
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§ 260 

octagonal spindle (75, Fig. 195) fitted with a chilled thimble which serves as a 
.iournal. This jonrnnl revolves in a (diilled step which sets in a permanent' step. 
The two chilled wearing part.s can be quickly replaced when worn out. Some¬ 
time,s special stuffing ho.xcs and ordinary bearings are used. 

The trough for two log,s is 61 feet long, 7 feet 4 inches wide, 4 feet IJ inches 
deep, made of 2-inch plank with a lengthwise slope of 1 to 1| inches per foot 
(sec Fig. 19(1). It has splash boards, f(n, at the lower end and running about half 
way u)) ou the two .sides. The ends are of cast iron with flanges all around 
The lower end is called the back plate and contains the pillow blocks for the 
two bearings. The upper end is called the front plate and contains, in addition 
to the pillow blocks, flic central outlet sjiout for conccntrate,s. At 6 inches from 
the lower end and in the plane of rotation, is a bulk head of 2-inch plank, with 
a circular hole in it, in wliich revolves the flange of the lower gudgeon. This, 
in large measure, prevents the grit from getting into the journal of the lower 
gudgeon. The two logs arc so .set that the tips of their lower teeth are lOJ inches 
above the bottom of the trough. The logs revolve .=o that the under blades are 
approaching one anotluT, and the obli(|uity of the blades is such that, by a 
plowing action, c.'erv lump struck by a blade is moved up hill. The logs make 
12 to l.‘> rcvohilions a minute on ll-inch to -l-inch lumps, and 21) to 2.5 a minute 
if the lumps are not over 1| inches in diameter. The two logs arc geared together 
at the upper end, in such a way as to bring the teeth of the odd quadrants of one 



FIG. 197.— IIASKKI.l'S LOU WITH BLADES ATTACHED. 

log to mesh with those of the men quadrants of the other. Power is delivered 
to one of the logs, by reducing gears from the line shaft. Logs arc sometimes 
driven at the lower end, but this requires special stuffing boxes. The ore is fed 
near the? lower end between the two logs, upon the rising blades of both logs. 
The bottom soon fills with ore, making a working bottom that saves the wear on 
the planks. When this working bottom is established, the systematic washing 
and conveying of the lunip.s up the slope goes on. Wash water is fed in a spray 
between the log.«, near the iqqier end. The water overflows at the lower end by 
a rand trough which discliargcs at one .side just above the bulk head. The lump 
ore is di.schargcd .it the upper end into a trommel, to give it a final washing. 

'Hie iron log is stronger than the wooden log, is driven faster, has more teeth 
and greater capacity. It is more durable, and less time is lost in repairs. 

In Mill 7 a pair of log washers is used upon land pebble phosphate. They are 
12 feet long, and the blades sweep a circle 21 inches in diameter. The blades 
have a pitch of 16 inches, are 4 inches wide, and are mounted as shown in Fig. 
197. The blade and the part which hugs the shaft are made of one piece of flat 
bar iron 4 inches wide, 1 inch thick, forged into shape. Blades 1 and 3 are 
bolted together, as are also blades 2 and 4. The latter pair is 4 inches in advance 
of the former. The whole log is provided with alternate pairs similar to the 
above. 



328 


ORE DRESSING. 


§ 261 


^261. Ilorizonial L 99 s.-Log-wi..shcr 8 have baon 
hoLontal, iinmcrsoJ, parallel logs in one tank, pi i- 

thoni Tlue first log pushes the ore forward by the end of “u uivi m g pa 

described. 




Ball’s “revolving knife huddle,” (Figs. 198a and 108b} is ^ 

gislsiiliippfl 

is sit horizontal an^ the wash water, which is fed all along ihe of 11 

r’^'thl SrwTrfaId”a?thrs^^ time lalried np the slope; 

from hopprr > ' ^ piades attached to a revolving fr^e. 

These\ladea revolve close to the trough at about 20 revolutions a 7^^' 

agitate the, ore bed, thereby bringing the gangue to the surface, and then the 
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water carries the ganguc down into the boxes G and D. The concentrates are 
discharged into tlie box E. The obli((uily of the blades can be varied to suit 
the eouveyiiig sjjeed required at any point in the length. The machine makes 
a very complete Kiq)arali()u of tin ore in a single opt;ration. In one instance, 
wlaai treating unsorled pulp, the contents of the first box, C, contained some 
slime tin winch required re-treatment, but that of the second box, D, was too 
poor to pay lor re-treatment. At the Lisburiie mines, (lardiganshire, Wales, an 
ore containing 15% lead, with quartz, blende, caleite and slate, was treated at 
the rate of 2^ tons per liour, yicddiiig a concentrate with 50% of lead, which was 
raised to by a second treatment.In another case a concentrate containing 
80% of galena was jirodueed in a single operation from an ore carrying only 3% 
»f galena.*'-’ The ])erccnuige of lead in the tailings is not stated for either of 
tliese eases. The size of imiterial treated is not stated, but it is presumably 
stamp mill jnilp below 1 mm. in size. 

^262. Wash hhioMMULS are hollow, revolving cylinders or cones (set with 
their axes horizoiilai) which disintegrate and iluat the clayey matter while ore 
and water are jiassiiig through them. 'This is accomplished by impact between 
tlie lum|)s of ore, soimtimes as.sisteii by the lifting and cutting action of blades, 
spikes or longiludinal .slats. In the cylindrical form the ore is conveyed for¬ 
ward liy oblique blades, acting on the prineijde of a propeller, or by continuous 
screw- threads; hut in the conical form the ore moves forward by gravity. There 
are two chiefs classes of wash trommels: 

(ii) Tlio.so willi a ]iarlially closed discharging end, in which the lumps are 
iiiimer.se(l in a ]iool of water for washing; and 

(i) Those with the discharging end eompletoly open, in which the ore is 
washed by either a stream or sprays of water, or by both. In class (a) the ore 
is disehai'ged cither by a eoniraeting cone willi screw threads or by a little sand 
wheel elevaior; in class (//) it discharges by gravity. 

Continuous .screw Ihreuds live Iroubhxsome both to con.struct and maintain, 
and, beside, they do loo niueli conveying and too little disintegrating. Oblique 
knives or blades’appear to he generaliy preferred to continuous threads. 

Frielion wheels are move commonly used for the support of thc.se trommels 
than spidc'r.s upon (ciitral shafts. The latter, however, arc not infrequently 
u.sed for trommels of class (i). 

iiiltinger says ilial the most satisfactory peripheral speed is feet per 
second. If the siiee-l is loo slow it not only wasles time, hut the operation is 
loss effective; ami if too fast, the time of exposure is too short for the proper 
softening of the clay. 

In this country log washers appear to have pretty much driven out the wash 
trnmmel.s, and oil tliis aecouiit there is a dearth of data iqioii the latter. The 
aiitlior therefore, places before his readi rs machines described as standard by 
fondgn authors. 

^263. Wash 'J' ijiiuitcls with Ore Immersed in Water .—The wash trommel 
sliown in Figs. Ibba. and l!);i5 is an expanding cone with partially closed ends, 
running on frielion rollers. 'I’lie ore is fed from the hopper a and wash 
water is nm in from Iho pipe b. The disintegration is accomplished wholly 
by impact among ilio liimjis of ore as iiiey tumble down the slope. The ore and 
■water are rai.=ed by the sand wheel buckets at c, and discharged upon the launder 
d. If there is too nuieli wati-r for the sand wiieel to .amove, the excess over¬ 
flows at e into a trougli placed to receive it. There can be no overflow at f, be¬ 
cause f is higher than e. 

The walls of the trommel consist of two layers of wooden staves, each 1| to 
2 inches thick. It is bound with six iron hoops. There are sixtecen of the ele¬ 
vator buckets each 8 inches wide and 14 inches long, made of plate iron with 
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bont edge's 3 inelies wide. They are laid out so as to be tangent to a circle 34 

indies in diameter. , 

The ciniacity is 3(H) to HOO cubic feet of mim; fines per hour, or, il vi'ry clayty, 
100 cubic I'eei; i,(H)0 to 3,000 gallons of water are required per hour, and tlio 
power u.sed is 1 to ij lioive power.’ This style of Ironuael sonielinies has longi¬ 
tudinal ribs for lifting the ore.'' , , „ , , i 

A llriiilford washer, eonsisting of a cylindrical wash tronimel h fee hmg and 
53 indies in diiinieler, was formerly u.sed at the dopake Iron Works. Jhe 
cylinder, made of iron sta\es perforated with ,1-iiidi holes, is earned on llnee 
■ sniders On tiie inside are inclined blades for disinlegraling and conreying 
forward the ore. The lower portion of the cylinder dips into wa er deeply 
enough to completely immerse the ore. At the dis< barge eml, per orated li ting 
blades deliver the ore to the rinser, liS indies in iliamelei and ..( iiulns ]on„, 
where it is washed with dean wiiLer, and then jiasses to the separator, the water 
ilowing buck into llie trommel. 'I'hc separator is simply a .sizing tronimel .10 
inches in diameter li feet long and made ol spaced rings, 1 he trommel, the 
rinser and the separator are all on tl.e same axis. '1 he nndersr/e ol the wash 
trommel, whidi collcets in the lank, i.s earned l.y the water to a Ki-mesli sizing 
trommel. The products are; Clean lump ore Ironi si'iiaralor; small ore, uiidcr- 
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size of separator; small ore, oversize of 10 mesh; clay and mud, undersize of 
10 mesh, 'riie machine yields 30 tons dean ore per hour Irom or- carrying .O/o 

°^At Cnbarecno, .Spain, a cylindrical wash trommel, 15 feet long, 0 feel h mdies 
in diameter, is used to dean limonite ore.'* It has an intermil screw ^ 

1 foot pitch, abont 10 inches liigb. Tctw'ecn the iireads, at inCrvals of 1 foot 
and parallel to the axis, arc lifting bbnle.s 1 indn's broad and 1 indies liigh. 
The discharge end is made conical, and ihe ore is earned np the slope of the cone 
by the screw blades, and tliu.s discharged. The trommel is supported on friction 
rollers and is driven directly by gear and pinion, at a spiN ■ of 13 ’•‘■vo litions a 
minute. It treats (! cubic feet of ore per minute, using SO gallons (10.7 cnl ic 
feet) of water per mifnite with the ore, and 70 g"!''’'"' 

tional for rinsing the ore in the discharging cone. The water and day are dis- 

charged at the feed end. In 10 liours it produces 70 to 100 ions 

carrying 2% or I'Sf of day. A cubic yard of mine ore yields 600 pounds of 

ThfcrTckboom wash trommel (Fig. 800), is a steel plate cylinder 08.4 inches 
C? 500 iim ) lone, 40 3 indict (1,250 min.) Oiiimeter. At Ibo feorl ond ib a 
truncated cone 13.1 imhrs (307 mm.) long on the axis and 30 inches (7;ifi _mra.) 
diameter at tin small end. At the discharge end is a truncated cone 13.1 mches 
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(307 nun.) long and 39.1 inches (093 mm.) diameter. Within the cylinder 
arc fourU'cn longitudinal lifting slats of flat iron, each of which is attached by 
seven short angle irons to the shell, leaving a clear space iiiider the slats of ^ 
inch (19 nun.). Upon eaelt of these slats are attached nine blatlcs, the tops 
and bottoms of which are even with the top ami bottom of the slat, and the 
blades are set at an angle of about 70° with the a.vis of the machine. The 
cylinder is snpiiorled on four friction rollers. Passing through the center is a 
shaft, supported in iudeyiendeot bearings and carrying si.\ty-two arms placed 
in four longitudinal rows. 'I’ho radius of tbe revolving arms is 15.0 inches 
(395 mm.) ; the radius of th(‘ inner ends of the blades on the cylinder is 18.8 
inches (4:77 mm.) ; leaving a clear space of 3.8 inches. The cylinder makes 
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(a) Lou}?itudinal Section. 



ih) Cross Section. 

Fia. 200.— CiUCKllOOM WASH TROMMEL. 


10 revolutions a minute in one direction; the arms make 220 revolutions per 
minute in the opposite direction. The ore, which is fed with water froni a 
hopper at the feed end, is raised by the longitudinal slats to a point somewhat 
above the center, and at the same time moved forward ,,y the diagonal blades. 
As it falls, it is struck by the rapidly descending arms, and disintegrated. The 
Mnch spaces under the slats save the water and fine ore from being lifted, ihe 
mixed vvater, sand and lumps of ore are discharged by overflowing at the lower 
end of the machine. At the Altonberg mine in Aachen, one of these trommels 
treats 4,500 to 5,000 kilos (5 to 5.5 tons) of tough clayey ore per hour, using 
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8 cubic meters (2,110 gallons) of water. The trommel lasts nine to ten years, 
except that the conical receiving and discharging ends wear somewhat faster.* 
§ 264. Wash Trommels Washing the. Ora in, a Running Stream of WaUr. 
—Fig. 201 shows a simide form of wash trommel consisting of a plaic iron cone 
1,960 mm. (77.2 inches) long, with a small diameter of 1,100 mm. (43.1! inches) 
and a largo diameter of 1,300 mm. (51.2 inches). The whole is carried on a 
.six-armed spider at each end, the spid('rs being keved to a wrought iron shaft 
100 mm. (3.9 inches) diameter. At the feed end is a cone 820 mm. (32.3 
inches) small diameter, 310 mm. (12.2 inches) long on th(> axis. The first 750 



I’lG. 201.—ri,.\N (I'.MJTl.Y 1\ suction) of a CO.MlilNKI) WISH TROMMEL AND 
SIZIN'C! TROMMEL (AFTER LINKEN BACH ). 

mm. (29..5 inches) length l)evond the feed cone carries three rings of spikes, 
115 mm. (4.5 inches) long, projecting toward the center. 'I’liere are 22 spikes 
in each ring. The remaining 1,210 mm. (47.7 inches) of th<' length is perfor¬ 
ated W'ith 30-mm. holes. The ore is fed from the hopjicr a into tlu; receiving 
cone b by means of a stream of water. Water is also u,sed on the outside of the. 
screen, in the form of a spray. The trommel m.'ikes 15 revolutions a minute, 
treats 99 tons of ore in 21 hours, and if the hitter does not contain too much 
clay, uses 2G.4 gallons (loO liters) of water a minute, consuming about 0.5 horse 




FIG. 202.— .SKETCH OF WASH TROMMEL U.SEI) AT MILL 47. 

power.® It yields: Oversize, which is cleaned lump ore; undersize which is fine 
ore, clay and water. 

A conical plate iron, wash trommel (Fig. 202) is used in Mill 47 for treating 
the cover work from the steam stamps. It is 42 inches long on the axis. The 
large diameter is 36 Inches, and the small diametet 30 inehes. It is carried on 
a shaft, by a six-armed spider at each end. At the lower end is an annular dam 
6 inches high and extending around nearly lialf the circle. In the base of this 
dam are square perforations 2 inches wide, 2J inehes high and 2 inches apart. 
The remainder of tlio circle has retaining fins 2^ incho,'; high, 2 inche.s wide, with 
2-inch .spaces between thim. At the end of each revolution, the material which 

• PrlTatb cuinmunicatioD froia Oberbergratb 0. Bilbant to the laiithor. — 









PBELimNABT WABEEB8. 


333 


§ 266 


has not found its way out through these holes and spaces, is guided, by a diagonal 
fill, to n discharge hole 6X18 inches in the body of the trommel, a few inches 
from the lower end, and around three sides of which is k shield 6 inches high. 

In corajiaring log washers with wash trommels, Benedict states that the latter 
do more work Ilian the former, but the ore is not so well cleaned by them, and 
the running expense is probably higher.’'^ 

§ 265. Wabjjing Pans. —Large ciieular pans are sometimes used, in which 
the ore is disintegrated by revolving blades, or by rollers and scrapers. The 
ore being fed with water at one side, the clay and fine sand overflow at the center 
while the heavy product collects in the bottom of the pan. 

In the South African diamond fields, in order to free the weathered diamond- 
bearing ^‘blue ground*’ (sec § 016) from ibc finest sand and mud, an iron pan, 
14 feet in diameter and 12 inches deep, is used.'" In the middle of the 

pan is a circular dam 4 feel in diameter and 8 inches high. A vertical central 
sliiift, revolving H or tiiiios a iiiiiiulc, carries 10 iiorizcnta,! arms, each provided 
with () or 7 vertical blades, which are arranged in a spiral between the dam and 
the edge of the pan. The “blue,” after passing through the inch?) holes of 
a trommel, is fed with water at the outer edg(' of the machine. It is disinte- 
grai('d iiy llie revidviiig hlades, and the water carries the clay over the inner rim 
into a trough, while the heavy gravel is worked toward the outer rim. To 
avoid ]iossible loss of diamonds in tin ovi'rllowiug clay, the overflow from two 
pans passes through one safety pan of the same construction, except that the bot- 



rio. 2(61. —MONTTOE in'DEATJLlC GIANT. 


tom, instead of being flat, slo]ics gently toward the outer rim. One pan treats 400 
to 450 loads in 10 hours, leaving a deposit of 3 or 4 loads,* which is removed 
through a gate in the bottom, by means of scrapers attached to the revolving 
arms. Tliesc pans resemble the basin washers” that are used in Europe to dis¬ 
integrate clay. _ . V 

A pan, in some resnects similar to those just described, is used for washing 
corundum and oiiicry."'' It consists of a shallow wooden tub 5 feet in diame¬ 
ter, with a cast iron Ix'd, on which two heavy wooden rollers revolve about 12 
times a minute. The material is stirred by an iron fork that precedes each roller. 
Constantly flowirg v ater, carefully regulated, carries the lighter portion through 
outh'ts in a raised, central platform, the heavy corundum remaining in the pan. 
The operation is continued 3 to 5 hours. One man can tend 8 pans, each of 
which requires 3 to 5 horse power. Much care must bo exercised not to round 
the'grains of corundum, which will take place rapidly after a certain point in 
the process is reached, and will greatly impair their cutting edges. 

§ 2(i(>. Hydeattlic Giants are specially designed nozzles which serve to con¬ 
trol and direct the powerful jots of water that arc sometimes used to disinte¬ 
grate large bodies of ore. Fig. 203 represents the Monitor, which is one of the 
forms that has found favor in auriferous gravel mining. The movements to 
right und loft, or up and down, are upon vertical and horizontal pivots re- 

• A load of “ blue ground ’’ weighs about 1,800 pounds. 
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spect.ively. The guiding parte consist of: A, the iron nozzle, B, the deflector, 
attached by a gimbal joint; and C, a lever to govern the movement of B. When 
C is moved in any direction, the force of the water jet acting upon B moves 
the whole nozzle to tlie same side that C was moved. The size of nozzles ranges 
from 4 to !) inches in diameter, 5J to 7 inches being the most common sizes. 
To provide, the necessary force for the jets, water columns of 55 to ],720 feet 
have been used at California placer mines, the usual heights ranging from 300 
to 400 feel. For details the reader is referred to Bowie’s “llydranlic Mining,” 
A hydraulic nozzle was formerly used at Iron Mountain, Mi.ssouri, for washing 
away the light clay in a .superficial deposit of hematite, preparatory to jigging. 
The method used was to hydraulic down the hank, taking out the larger part of 
the clay; to hydraulic it a second time; and then to haul the gravel to the mill, 



.—- 5 '- 

na. 204.— haskei.i.’k jet washer. 


where a series of revolving screens and Bradford jigs completed tlie concentra¬ 
tion of the hematite. 

Hydraulic nozzles are u.sed in Mill 7, in washing land jichhlc phosphate. A 
nozzle 1 to 2 inches (generally 1^ inches) diameter is used. One of these 
nozzles disintegrates the rook in place, another is used to di.seharge the rock 
from the transporting barge, and a third nozzle is u.sed in tlie jet washer 
(Pig. 204), which is an iron cylinder 6 feet long, 2 f(iet diameter, with one end 
.closed, and with a feed hopper above. A jet IJ inches diameter, delivered from 
a steam pump under 50 pounds pressure per .square ineh, plays in at the open 
end and gives a final disintegration to the clay. Allhough the log wa.sher is 
used at this establishment, the jet i.s found to be a far more efficient disinte¬ 
grator, and hence its use in the variety of ways indicated. 


Biblioorat. OF Pbeliminart Washers. 


1. Bilbarz, 0., (ISnfi), “Mech. Aufbei.^itung,” Vol. I., p. 55. Tho Carnall and the Crick- 

boom wash trommels. Ilhintrated. 

2. Davies, K. if,, (1894), “Maeh. Metal. Mines,” p. 44G. The Crickboom wash trommel 

and experience with it. 

3. Foster, C. I^e N., (1894). “Ore and Stone Mining,” p. 539. Washing pits, pans and 

trommels. Illustrared. 

4. Gaetzsehmann, M. F.. (1864), “Aufbereitung,” Vol. 1., pp. 604 and 701. Several 

forms of trough washer.? and wash trommels. Illustrated. 

5. Hunt, R., (1884), “British Mining,” p. 706. Illustrated description of Bail’s “re¬ 

volving knife buddle,” With results. 

6. Linkcnbach, C., (1887), “Aufbereitung der Erze,” p. 22. Expanding cone wash trom¬ 

mel, Illustrated. 

7. Rittincer, P. ft. von, (1867), “Aufbereitungskunde,” p. 233. Trough washers; and a’ 

witw trommel with partially closed ends. Illustrated. 
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8. Am. Tnsi. Min. Enff., Vol. XXIV., (1894), p. 34. Guy R Johnson. Log washing 

plant at Longdaie, Va. Illustrated. 

9. Ann. <l<:s Mines, Scries VII., Vol. II., (1872), p. 279. A. Henry. Wash trommel 

with partially closed end, and with longitudinal ribs. 

10. Casskr’s Mag., Vol. XIV., (1898), p. 380. Thomas II. Leggett. Diamond washing 

pans. Illustrated. 

11. Charcoal Iron WorkcrSf Vol. VIT., (1886), p. C. William A. Miles- A perforated 

cylindrical wash trommel with oblique blades, combined with rinsing cylinder and 
a sizing trommel. 

12. Coll. Kng., Vol. XVlI., (1890-1897), p. 190, Scaife’s improved trough washer. Illus¬ 

trated. 

13. Coll, iluurd., Vol. I.XVIT., (1894), p. 490. Same as A. I. M. E., Vol. XXIV., p. 34. 
14 Eng. if Min. dour., Vol. L., (1890), p. 11. The Thomas log washer. 

15. Vol. LI 11., (1892), p. 349. W. de L. Benedict briefly outlines a log washing 

plant. 

10. IhiiL, \'ol. Llir., (1HP2), p. 665. John W. Meier. Wash trommel with partially 
(.'lo.Hcd end, combined with a Hcrccniiig trommel. 

17. RM.. Vol. LVll., (1894), p. 223. Same as A. I. M. E., Vol. XXIV., p. 34. 

18. Inst. Cii\ Kng.. Vol. f'XVl.. (1894). p. 331. Frederick Kensington. Cylindrical wash 

trommel with .screw' threads and lifting blades, lllustrnted. 

19. Insl. Mifh. Kng.. (1873). p. 100. Kichard Taylor. Kesults of work with “revolving 

knife bnddlc.” 

20. Iron Vol. IJV., (1804), p. 222. Same as Insf. Civ. Kn(j., Vol. CXVI., p. 331. 

21. Mm. hill., Vol. 11.. (1893). p. ,'>4,5. VVa.shing pan for diamondiferous earth. 

22. Riitl; Vol. V., (1890), p. 19. Charles N. denks. Washing pan for. corundum. 

23. 0. s. (U'ol. Eurnni~Miii. Eesoum\s, (1897-98), ji. 38’. Heinrich Kies. Basin washers 

and wash trommels for disintegrating clay. 




CHAPTER IX. 

SIZINO SCRERNS. 


§267. Screens or Sieves arc surfaces wilh Iiole.s in tlieni. which .(tvp lo 
separate the finer particles, which can ])ass tlironffh the holes, from the enarscr, 
which cannot; the purpose of screen sizing being to divide the ore into '^iich a 
series of products that the concentrating niachiiu's wliicli follow (jigs, iiiagiietic 
coneentrators, etc.), can readily separate the values from the waste. Thev ni.iy 
be classified as follows: 


Stationary Screens. 

Moving Screens... 


iririzzlies or bar screens, and gravel screens. 

'll Perforated plate and wire cloth scih'ous for medium and fine work, 
i shaking 8onH*U8, or riddles. 

< Vibrating grizzliss, or oscillating bar screens, 
i Kevolving screens, or ti*ou>muls. 


St.VI'IONARY St;REENS. 

§ 268. Grizzlies or Bar Screens.— These arc screens for separating coarse 
ore from fine. They are usually made of stationary bars, placed at a definite 
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distance apart (see Fig. 205). This distanc-c limits the size of particles which 
can pass through the scret’n. The two products they yield are calk?*! undersize 
and oversi 0 , the former comuining the particles that arc small enough to go 
tlirough between the bar'-, the latt<‘r those that are not. The grizzly is set ftt 
such an angle .hat the ore will slide upon the bars automatically. The angle 
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^ 3 ?: 


for quartz ores is usually 45°. Some minerals slide at much less angle. 
Grizzlies used in mills (see Table 185), are naturally divided into two classes; 
(1) Th(i.s(! which relieve the breaker, the sorting table or the spalling floor of 
the fine ore; (2) those upon which hand sorting is done at the same time with 
the screening. In the first class the bars arc nearly always set at an angle at 
which the rock'will slide freely; in the second class a much gentler slope is used. 

To make the ore slide as easily as possible, the bars are always placed with 
their lengtlis in the direction of steepest slope. They are supported at both 
ends, as shown in Fig. 200. Their lateral flc.xibiliiy, which niight cause the 
bars to sjiring apart and allow large lumps to jiass through, is overconie by 
holts running across the grizzly through holes in the bars, with space thimbles 



rm. 206 .—METnon of surpouT- Fto. 2 ()'(.—okizzly n.uw at miel 44 . 

l.SO (JUIZZUES. 

placed on tin' h')lt,s he! ween the bars (see Fig. 205). At HI ill 14 very heavy, 
still’ bars an- ti.-ed ami tlie siiaces an- maintained by nu'ans of flanges oast on 
tlu' ends (see Fig. 201). 'I'he sides of the grizzly should be walled in with 
heavv jdanks to coniine the ore. The bars are generally strong enough to bear, 
withoiif intermediate s.qniorts, the lieavv loads of ore that are sometimes dumped 
upon iiiein, fbe streiiglb’ and weight being jmoportioned to the weight of ore 
dumped at om* time. The loads are very heavy at Mills 44, 4(), 47 and 48; 
at all the others they are lighter. The length and width are proportioned to 
th(! vohime. of ore d'uiniH'd at one time, and to the percentage of fines. The 
bars .should have such a cross section that the spaces wdll wdden from the upper 
to the under side, thus insuring a frc'c discharge of the undersize. Fig. 205 
shows the coiumom'st form of bar. The following list, taken from the Union 
iron Works catalogue, gives .several sizes o, grizzlies using this form of bar: 


WiiUh 

T,tvnj:th. 

SpacpR 

llara. 

Weight. 

Fet*t. 


Inrlu'fi. 

Iru‘ht‘8. 

Potnitla 

3 

(> 

i» 


niHi 


K 

2 

fe.'i 


B 

in 

2 


i.ncH) 

4 

H 

2 

«x:iw 

1.200 

4 

10 

2 


1,W)0 

4 

12 

2 


l.H J 

5 

in 

♦> 


2.400 

5 

12 

2 

^xS>| 

2,90U 


Mill 35 uses round bars with the end.s bent at right angles and driven intc 
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two supporting timbers (see Fig. 208). Mills 65, 73 and 74 use old stamp 

stems S^bches in diameter and 11 feet long, ’^Xr^a™ worn 

to get the most wear, and throw away the least material when the bars are worn 
ouf A thick head gives metal to withstand the wear; and a narrow, deep 
S gives tL strength to resist bending. This form 

because of the widening space below. Special forms, designed for this purpose, 

are used in Mills 22, 28, 46, 47, 48, 61 and 92. 

Mill 61 has a grizzly consisting of two sets of bars, one following the , 



FIG. 208.— A MKTHOI) OF 
sai’T’OKTiNG uoi:nd 
GRIZZLV BA US. 


% 
i 

FIG. 209. 
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FKl. 211. FIG. 212. 


clioss sKCiTioxs OF srnoiAi, oiiizznv haiis. 


with a drop of 2i inches from the end of llu' first set to 11,c beginning of the 
rconcl The upper set takes the liar,lest wear and is replaced oHener than the 
lower set The'special narrowing of the imr and widening o J 
the slope of the.se liars is to make them clear themselves. Km 1 * ^ 

ends arc supported they arc, in every sense, iinger bars, that is. bars supported 
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only at the ui.per end and having a decreasing width of bar and con.stquently 
an ‘increasing width of space toward the lower end. 

Mill 22, also, uses two sets of bars. In this case the first set has a step" 
slope than the second. 'I'he bar used in this mill has a heavy head supported by 

a deep, narrow w"b below (see Fig. 209). 

Mills 46 and 48 use a spruce timber capped with a square iron bar (see hig. 
210). When the iron is worn out the timber will generally be worn out dso. 
Mill 92 1868 a wooden bar capped with half-round iron bolted on (see Fig. 2 ). 

Mill 47 usee cast iron bars capped wiih steel angle irons (see Fig._ 212). ih 
wears out, but tne iron is permanent. Of the various designs seen by 







the author this probably has the least material to throw away. Mill 28 
8 -pound iron rails with the flanges up (see Fig. 213). These are probably 
adopted in order to utilize old rails. They do not last well, and they rapidly 
wear to wider spaces. They make the spaces wider at the bottom than at the top. 

Tabulated data of grizzlies in the mills are given in Table 185. 

Gravel screens are inclined flat screens for coarse sizing, generally made of 
wire cloth. They are used for similar work to grizzlies, but on a smaller scale. 
They ar(> often T)<jrtal)le and worked by shoveling the ore upon them from the 
front, (j raved screens are used in Mills 1, 2, 12, 14 and 54. For details see 
Table 185. 


TABLE 185. —DIMENSIONS, MATERIAL AND LIFE OF GRIZZLIES AND GRAVEL 
SCREENS IN THE MILLS. 

Abbrcviations.-Ft.^fc t: nor.=llorizoiital; ln.=inL'ti 08 ; Ib.=p(Mina; No.=nuinlier. 
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(v> Smelter. 


Summary of Grizzlies and Gravel Screens.—Of the grizzlies that simply 
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screen the ore, among the 30 whose slopes arc given, twelve slope ■15“, five slope 
from 35° to 43°, and the others range all the way down to horizontal. Home 
ores will .slide properly at 35°, but 10" or 45° is usually prelVmal. At a 
steeper slope than 45° the ore moves too fast to b(! ])roperly sereened; at less 
than 35° the ore will generally have to be raked forward. 'I'lie duties of the 
grizzlies in this class (without hand picking) are as follow.s; Tuenty relic've 
breakers, eight relieve spalling floors, three relieve picking tables, two relieve 
shipping ore, and one relievos steam stauii)s of fine ore. 

The grizzlies that arc used for hand j)i(;kiug eonibined with screi'iiing, with 
one e.Keeption, range in slope from 23° to 32°. At tlie.se angles the ore does not 
.slide automatically, but is easily raki'd forward, thus facilitating both the jiick- 
ing and the delivery to the ne.\t machine. In one case the grizzly is horizontal. 
The duties of the grizzlies in thi.s class are as follows: Hix nfieve breakers and 
one relieves steam stamps of fine ore, one relieves log washers and one relieves 
a jig of coarse ore, and one serves merely to remove the fines in order to facilitate 
the work of the pickers. 

A satisfactory size of grizzly for gold mills appears to be about 4X12 feet. 
In the inills using jig.s to eoneentrate ordinary lead or cojiper ores, the practice, 
varies greatly; a grizzly 6X12 feet wmdd meet the largest demand recorded. 
The grizzlies used for the native copper of Lake Snper'or vary from 5 to S 
feet in width and from 7 to 14 feet in length. Their bars arc all made to 
stand very heavy work. 

Inspection of I'abic 185 shows that grizzly bars for c.xtra heavy work, and 
having wide spaces, arc made of chilled cast iron, of cast steel, of wood capped 
with wrought iron or steel, and ea.“t iron ca]i])ed with steel angle bars; while 
grizzly bars for lighter work and smaller sjiacc.s are of flat, wrought iron or 
steel bars, on edge. 

The wear upon grizzlies is so small that the cost per ton of ore is insignificant. 
The life of a few grizzlies is here given; 2o0,(ili(i ions of ore in Jlill 13; 25,(IU0 
tons in Mill 28; 3,(iT5 tons in Mill 42; 2(i(i,(i(l0 toms in Jiill 61 ; IS.OOO tons 
wore off less than j, nich from 3-iiicli bars in Jlill 62; 110,0(10 tons in Mill 61; 
“worn but little in 10 years’’ in Mill .51; la.'led 10 ^eaiViii Mill 59; 5 years in 
Mill 68. 

There docs not seem to be much need of the grizzly to relievo the bri'aker of 
the fines, for it is everywhere economy to have a hreakcr of gri'afer cn[iacity than 
the mill. A grizzly nimst be used, however, wliere the tendeney to form slimes 
is to be avoided, and it saves some wear on the jaws. Of (he mills using 
breakers, stamps, amalgamating plates and vanners, 17 have grizzliiis and 7 
have not; of the mills using rolls, trommels anil jigs, 15 have grizzlie.s and 18 
have not; of the mills using steam stamps, classifiers and jigs, all of the si-X 
deserilied use grizzlies. 

§ 269. Peiiforatep Plate and Wire Cloth Screens for Mronni and 
Pine Work. —Mill 91 has two sets of stationary .sloping screeii.s made of perfor¬ 
ated plates, both used for dry screening, fi'hc coar.^e .‘ict is about the same as 
a 14-mcsh cloth screen, and is capable of screening cru.'ilied ore and the rc- 
crushed oversize to the extent of 300 tons of undersize per hour. Each screen 
slopes 45° and ha.s a net perforated .mrfacn 22 iiichi'.-, long and 16 itu'hes wide. 
One inch of blank margin is left all around foi attaching it to i!,s frame. 'I’he 
screen is made of crucible steel 0.03 inch thick, and has slots 0.5 inch long and 
0.06 inch wide. The percciiiago of opening i- 17.62%. Hand to be screened is 
fed to a tier of four serteps, placed one ahi've the other, but sloping opposite 
ways (see Pig. 214). The over,size of the first goes to the .second, that of the 
second to ib.?. third and .so on. The liiial oversize has, therefore, traversed 88 
inches of screen. Three tiers, mounted side by side, 12 screens in all, make 
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a bank. Two banks are placed buck to back for convenience. Pour banks 
make a block, which are bo-ved in dust tight, -18 sieves in all. There are 5 
blocks, making a total of 210 screens to turn out 300 
tons of undci’siiie p('r hour, about equivaUmt to 14- 
mesh wire cloth in size, it makes 200 tons per hour 
of oversize, which is rccrushed and returned to the 
screen. 

Edison has studied the trajectory of the particle on 
these screens and finds (hat with slots less than ^ inch 
long, the iiarticles would largely fail to get through 
the holes. This rules out horizontal and diagonal slots. 
The obji'ction to placing the slots in line, one below the 
other, is overcome by the irregularity of thi' ])ath of 
the ])ariicle. Jle has not found aiiything to be gained 
bv staggering the slots, which weakens the plates. 

The fine set, made up of .screens with slots some¬ 
what coarser lhaii ,h()-mesli wire cloth, make 135 tons 
of undiTsize ]ier hour. 'I’hese plates are of 0.()2-incih 
erueihle steel ]ilate. The slots are 0.5 inch long, 0.02 
inch wide, d’lie spaces bolli ways are J inch, making 
11.037c of opening. Mr. Edison estimates the wear 
at almost nothing after scixaming 80,000 tuns of per- 
fi'clly dry ore. lie finds 17 ^ of moisture in the ore 
multiplies the wear by aliout seven. 

In regard to llu' tliickne.ss of plates for this class 
Ftn. 21-1.—r:(0,ss sue- of screening, he irnd’ers thin iilafes, as the tendency 
TiON iliuoi'dir A to bliiul is much less where Uuto arc finver chances 
nonm.n uani: of for jioints of (‘oiilnct, as is the case in the thin plates. 
EDISON St UHENS. 'I'lie .screens of this plant have never shown the slightest 
indication of hliiiding. 

A test with a hand screen showed that 85% of the ore that was fine onougli 
to ]iass through tin' mill screens did so. 

'I'he author undei'siunds that those screens have recently been adopted to dis¬ 
place trommels in M ill 32. 

iSlationary sloping sereens of wire cloth are used in the rock house of Mill 
13; also in Mills G and 7. The details of those in Mill 13 are as follows: 


Grizzly 

No. 


2 a 
2 /> 

4 

d'he oversize of No. 2« is shoveled iipon No. 2h in order to remove the fines 
that No. 2ft does n't remove. 

Rinnr.Es and Vibrating Grizzlies. 

§ ?70. Riddles are shaking .screens with plane surfaces. They may have less 
slope than fixed plane screens because tbe motion of tbc screen is transmitted 
to the ore, convoying the oversize toward the discliarge end. Riddles are divisi¬ 
ble into four groups: (a) Shaking screens, which have an endwise or sidewise 
motion in the plane of the screen, or nearly so, with or without a bump; (6) 
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Pulsating screens, which have an up and down motion, perpendicular, or nearly 
so, to the plane of the screen; (c) Gyrating screens with a circular or elliptical 
motion in the plane of the screen; (d) (iyraling scrtHUis with motion in a 
vertical plane parallel to their lengths. The screen plates or cloths of all these 
classes are mounted in frames of wood or iron, with or without supporting bars 
beneath the screen as may be needed. 

The frames of the shaking screens are supported from suspending rods or 
chain.s above, and their slope regulated by winding or unwinding the chains 
at one end, holding it in place by rachet and })awl; or they may bo suyiporled 
upon toggles or wheels below, and their slope varietl by elevating nr dcprivsing 
the supports of these at one end, by screws or wedges. The frames of tlie pulsat¬ 
ing screens are pulsated by eccentrics below, transmitting power tlirmigli springs, 
or by a cam, .spring and bumping post above. Thi'sc screens move in guides. 
The frames of gyrating screens are snpportc'd from suspending rods or by conical 
or spherical wobblers beneath, and the slopes regulated in tlie same way as for 
shaking screens. Shaking, pulsating and gyrating sen'ens will all run more 
smoothly, and will shake the mill less if they have counterpoi.ses to balance the 
shake. 

In Mill 77 the tailings from the No. 1 Gilpin County bumping tables go to 
flat screens attached to and bumping with the No. 3 bumping tables 130 times 
a minute. These screens slope 30" and are made of bO-mesh brass wire, the 
width of the holes being O.Olb inche.s (().:38 mm.), 'i’heir undersize is treated 
on the No. 3 tables; their oversize is waste. The attempt to use trommeds for 
this work was a failure, on account of the chokage and of excessive wear on the 
screen. Mill 8b' uses the same method, with 40-nK‘.“h brass screen, bumping ITiO 
times a minute, the oversize of this .screen being re-grouiid. These two mills 
are under the same management. 

In 1895 the Mayflower mill of Idaho Springs, Colo., had a screen with end¬ 
wise throw, having b feet length and 3 feet width, 3b“ slope, suspended by rods, 
shaken by cam and gravity, having five sieves (3 mesh, 5 mesh, 10 mesh, 30 
mesh and 40 mesh), but the author understands it has since been given up for 
trommels. 

At the Philadelphia and Eeading Coal and Iron Co.’s coal washer in Mahanoy 
City, Penn., two sets of end-shaking screens arc arranged on opposile sides of a 
single shaft so as to balance one another. As a further meams of preventing 
Jai to the mill, they are run at 135 to 1-15 six-inch throws per minule instead 
of the 300 throws of 3 to 3 inches reconiniendcd by Ifitliuger. The screens are 
9 feet long, 4 to b feet wide, with a slope of only j inch per foot (-1° 10'). and 
do excellent work. Three screens are arranged one above another in a single 
frame. The holes are round and range from 44 inches to ^Vi inch in diameter. 

Thr. Sauer-Mayer riddle consists of three screens one above another in the 
same frame, which is suspended from above. The second and third .screens 
slope in the opposite direction from the first, the slope in each ease being 10°. 
The net lengths are respectively 1^, 2 and 1^ meters, the width i",- meter. 
Beneath the first half of the upper screen is a shelf to carry tlie undersize to 
the head end of the second screen. The whole appara' us is shaken sidewise at 
the rate of 180 to 300 throws per ininiile, by means of two cranks arid connect¬ 
ing rods. When using screens with 40, 20 and 10 mm. holes respectively the 
length of the throw is 80 mm., and the capacity is from 50,000 to b5,000 kilos 
(110,000 to 14;i,000 pounds) of coal per hour.’ 

The Ferrari^ shaking screen*'' is set horizontally on the upper ends of four 
laminated bcechwood supports on each side. Driving is done by an adjustable 
eccentric running at 350 revolutions a minute with a throw of 2.5 to 33 mm. 
(1 to li inches). The supports slope, upward and backward to the screen frame 
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at au angle of about 6'5° with the horizontal, and act as springs. The screen 
thus receives an upward, forward motion on the forward stroke and a downward, 
backward motion on the return stroke, which causes the ore to move rapidly 
forward. At Monteponi, Sardinia, a screen frame 700 mm. (87^ inches) wide, 
and 4 m. (13 feet 1 inch) long has a 1-1-mm. round hole screen on the first half 
of its length, followed by 80- and 30-ram. round hole screens. Four transverse 
spray pipes above the 14-imn. screen a.ssist in removing the fines. The ore 
finer than 14 mm. goes to another scnKui, having 5-, 7- and 10-mm. round holes. 
When run in the usual way the screen does not work well for ore finer than 5 
ram.; hut Sanna ha.s designed a siiccessful modification for fines, in which the 
screen is suspend(!d on sloping spring rods over a hopper-shaped box full of 
wat('r, and just dips into the water on each backward downward stroke. This 
keeps tile imles free, but the immersion must be only very sliglit or the forward 
movement of the ore will be hindered. Water is fed to the hopper-box con¬ 
stantly, to su[)ply the spigot discharges, and the level is maintained by a con¬ 



stant overllow. With this arrangement the screen is said to work without diffi¬ 
culty on ore as tine a.s 0.5 mm. 

These screens have displaeed trommels at Monteponi and other Sardinian 
plants; and at the former place 3 in. (!) feet 10 inches) of mill height was 
thereby saved. They reijuire less power and have about double the eapaeity of 
trommels 1 m. (.‘W.-l inches) in diameter, and the wear is so slight that the 
sereen plates at Monteponi have not needed repairs in a year. 

The Golnmbinn pulmiiii.g screen (s('e Fig. 815), made by the Jeffrey Mfg. 
flo., is a wir( cloth screen A mounted in a wooden frame with cross bars to 
support the screen, and set at a slope of about 40°. On each side of the frame 
is placed a hickory spring har B, attached at its ends to the ends C of the screen 
frame. The eccentric rod.s I), which arc perpendicular to the screen, are at¬ 
tached at the middle of these hickory bars. The screen frame, as it rises and 
falls with the eccentrics, slides in guides E, the amount of throw being limited 
by eight little adjustable b.iffers F, one above and one below each end of each 
spring bar. These buffers arc held in place by lock nuts 0. The slope of the 
screen can be varied by changing the positions of the buffers; also by changing 
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thp position!! of the brackets TT tliat sujjport the buffers. The slope has a 
marked iiifUienee on the inidersisie product—the steeper the slope the finer will 
ho the undersize. This fact permit.s the use of a screen that is considerably 
c;oiirscr than fhe desiriid undersize, the advantage being that the coarser screen 
is more durable. 

Tlie machine is made witli a screen surface measuring 6 feet on the slope and 
either 4, (> or 8 feet wide. It is run at 1150 revolutions per minute, the usual 
lengfli of throw being ('5 inch. A Portland cement works reports that 30 tons 
arc sereeiied in 10 liours through cloth witli 40X50 mesh. The screen lasts 6 
monllis, and the machine uses 5 horse powiir. A hard-pehblc ])hosphate mill 
reports that the machine has 10 to 15 times the life of a round or he.xagonal 
trrniniel, and will screen 8,400 pounds of hard-pehhlo pho.sphate per hour 
through (iO mesh. 

The (Uki'k gi/ratiiig screen^'' usually has four sieves, 4 feet wide, 6 feet long, 
sloping about 5°, placed one above another in a box made of cast iron, 1 foot 
to 2 feet deep accordiiig to the number of sieves. Four sieves rccpiire a depth 
of 15 im-lio. 'I’lie box is sujiported at fhe four corners upon rolling pieces, each 
in ilie I'oi'ni of two obtuse cones, placed base to base (see Fig. 31G). They roll 
■wilh ibeir iouer apices at the ceniers of discs u])on the supporting frame. 
Fpon ib(> c.ines and altached to fhe under side of ihe screening box, are four 
other discs which roll ujion the eones and eomplete the support of the box. 

'riu' gu'aling (Tank is jilaced henc'ath the sifting ho.x on a short vertical 
shall, and for coal has a radius of about 2 inches, and a counter iveight to 
balance the centrifugal force of the screens. The screens, when used for dry 
screening, iindu' 115 gyrations per minule; when water is used, a higher rate 
is Tieedc'd. 

The capacity of this screen for anfhraeitti coal is as follows: Pea (on ^ inch) 
1().80() poiimts per hour; hnckwlu'at (on -j! inch) Pl.OOO pounds; rice (on 
inch) l.GOO ]ionnds: hailey (on inch) (i,0()0 pounds per hour. 

Othet gyrating screens arc noticed in the bibliography. 

J71 (Millgnrintj the dilJcrnnt riddlus with ('ach other, we may say in regard to 
capacity that the pnlsaling screen with steep slope has tlie greatest capacity. 
Fext follow llie g\raling screens and timilly, the stiaking screens. In r('gar(l to 
wear. Ilu' order has not been well proved, but it will probably be the same, the 
pnlsaling scMen luning Ihe lea.'t. and tlu' shaking screen tin' most. In regard 
to slo]i(‘, the gyraiing screen will have the lcu.st slope, next will follow the shak¬ 
ing screens, and tinally the ])ulsating screen w'ith its steep slope. In regard to 
slinu.' making, those with least capacity will make the most slimes. In regard 
t(> expenditure of power and shaking of the mill, there is no reason in principle, 
why one should he placed Ix'fore aiiotlier, unless some special dc.sign may give 
tnat screen an advantage. In favor of the gyrating screen, the gentle slope 
admits of placing several screens under nue another, whieh saves mill floor and 
height. The gyrating action also ynwents bliiuliiig of holes. 

ViURATiNO Ciut/zi.in.s arc used in two of the mills (sec Tabic 185). Mill 38 
has a grizzly 5 feed 1 inch long and 1 foot 7 inches wide, sloping 4°, made of 
8-]jonn(l iron rails inverted. It is fed by a large hopper which narrows down 
to a discharge nyiening 30X15 inches. Tlie bars are held upon the axles of two 
yiairs of flanged wheels, which roll upon supporting rails. This grizzly is given 
a ()-inch longitudinal vibration 35 times a minute by means of a crank and con¬ 
necting rod. 

Mill 43 has little grizzlies 24X30 inches, sloping 30°, whieh are vibrated by 
a hammer motion like that of a Collom jig (see Fig. 317), the lower ends of 
the bars making 300 one-inch vertical ilirows jkt minute. As tlie double ham¬ 
mer a oscillates, the stirrup d is raised by the levers b and c alternately. Both 
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of these grizzlies have small size and gentle slope compared with the stationary 
form. « 

A Briarl bar screen is used in Mill 94. Each bar is supported by an eccentric 
at the upper end, and is hung on a swinging support at tlie lower end. The 
ecccntric.s for half the bars are set at 180° from those for tlie alternate bars; 
and, at the lower ends each set rests on its own cross bar, the latter being sus¬ 
pended freely by links at the side of the screen. Either set of burs has an 
upward forw'ard motion, while the other set is moving backward and downward. 
As the screen slopes only about 10°, the movement of the ore de])euds wholly 
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PIG. 217.—VIBRATING GRIZZLY AT MILL 43. 

on the conveying action of the bars. The object of this device, is to prc'vent a 
sudden ru.sh of ore; and in coal cleaning plants (where it is chiefly used) the 
men can stand in front of it on the picking floor without danger. In Mill 1)4/ 
it serves as an automatic feeder to a breaker. 


Eevolving Scubens. 

§371. Revolving Screens or Trommels may he divided into three classes: 
(a) Cylinders and prisms; ( 6 ) Cones and pyramids; (c) Sjiiruks. 'I’hcy arc 
designed to screen ore with but little fall, and to avoid the vibrations caused by 
shaking screens. This is made possible by causing the particles to slide by 
the revolution of the screen, instead of by the st(«p slojic or the .shaking move¬ 
ment used in other forms. When the ore is once in motion, a very slight slope 
in the direction of the length will cause it to move forward. The actual path 
of a particle ujion the surface of the screen is in the form of a screw thread or 
helix, and it will bo called the helical path. The capacity of a tromini'l when 
doing good work depends upon the speed with which it can si'parate grain's 
above a certain size from those below that size. 

In the use of trommels there are two practices. One si'cks the minimum fall 
by using a very gentle slope, and to remedy the consequent thick bank of ore 
by increasing the length; but the result is that the thick ore bank hinders good 
screening, there is increased wear on the screen, and more ])ower is required for 
driving; The other practice seeks for more individual treatment of the parti¬ 
cles by using steeper slope. Incidentally, by the rapid passage of ore, and the 
consequent thin bank of ore, and by the lightness of the load at any moment, 
it obtains increased capacity, diminishes the necessary length of screen and the 
power to drive, and lessens the wear on the screen. 
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The dimensions and operation of trommels in the mills are shown in Tables 
186 a^d 193. 


TABLE 186. —DIMENSIONS AND OPERATION OF TROMMELS. 


Abbreviations.—C=Two diameters of conical trommelH; Gl=Beveled gears at lower end; UsQears with 
idler from trommel below: In.=:Inchea, IiisiOear.H with idhtr from trommel above; L=Diroclly connected 
to log'Washer shaft; Lbs.=rouniJ8; 1*1= Pulley umi belt at lower end; Pu=Pulleyand belt at upper end; 81^ 
Sprocket at lower end from counter shaft; 8tl=Sprock(“t from trommel at lower end; Stu=Sprocket from 
trommel at upper end; Su=-Sprocket at uppe:' end from counter shaft. 
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Table; 186 shows that there arc, in the mills visited by the author, 143 cylinders, 
11 cones, 1 cone and cylinder coinbineil, 1 hexagonal prism, and 1 lioxagonal 
pyramid, in a total of KiO; from which it appears that cylindrical trommels 
meet wilh far more favor than any other form. They will therefore bo discussed 
first. 

Si 272. .'\ (Iymnduh’ai, Trommel consists of a sloping shaft mounted upon 
boxes, and driven generally at the lower end (see Figs. 318 and 219). On the 



riG. 318.— A SlililES OF TliOMMELH inUVE.N' liV TOOTUKIJ (lEAHS. 



FIG. 219.— SlIF.ET IHON" THOMMF.L HOUSING. 


shaft are two nr more spiders with radial .symkes, to the ends of which is attached 
the screen plale or wire cloth w'rapping around the spid(;rH in cylindrical form. 
At the iiy)per end of the cylinder is a short receiving cone of plate iron to pre¬ 
vent ore from backing out of the feed end. To catch the undersize, there is 
beneath the trommel, a casing of wood or iron, with cither a semi-circular or a 
V-shaped cross se(;tion, and having its sides extended vertically somewhat above 
the axis of the trominbl. The casing is so constructed that it delivers the under¬ 
size, which passes through the screen, in a spout near the lower end, and the 
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oversize in a second spout at the lower end. A dividing partition prevents 
these products from mixing. The easing has a steeper slope than the trommel. 

'J’he dimensions and adjustments of tronnnels deserve special study. 

Tills Diamistei! of the cylinders in the mills visited varies from 20 to 48 
inches. Of the 125 diameters of cylindrical trommels recorded in Table 186, 
six are less than 30 inches; 18 are 30 inches; 8 arc 32 or 34 inches; 92 arc 36 
inches, and 1 1 are more Ilian 3() inches, showing 3(i inches to he the favorite 
diameter. The number of revolutions per minute and other factors being the 
same, the larger the diameter of the trommel the wider and .shallower will be 
the bank of ore, and consecjuently the bettor will bo the sereening; but the 
grciiter will be tlie tendency to blind up the holes, due to increased centrifugal 
force. 

The Length of the cylinders varies, in the mills visited, from 34 to 168 
inches. Of the 140 lengths of cylinders recorded, 17 arc from 31 to 54 inches; 
31 are GO inches; 8 are from 63 to (i9 inches; 35 are 72 inches; 10 arc from 80 
to 84 inches; 11 arc frojii 90 to 1004 inclK's; 11 are from 103 to 108 inches; 4 
are 120 indns; and 10 arc from 123 to 1G8 inedu's, showing that 5 and 6 feet 
are favorite lengths, but that there is a con.siderable number up to 9 nr 10 
feet, and al.sn below 5 feet in length. 'I'he trommel must be long enough to 
insure each imrlicle a reasonable number of chances to jiass through a hole, 
hhidently the deeper the ore hank the longer the trommel must be; hut if the 
bank i.s too deep good sereening is impossible. It i.s also affected by the size of 
the ore; the grcaler the pro])ortion of undersize that is nearly as large as the 
screen hole.s the more difficult is th(' .separation and therefore the longer should 
the trommel be. In the No. 1 trommel of Mill 23, Avhich is very long (9 feet), 
the lines are well imougli removed in the first half so that the uiidor,size of the 
second h.ilf is sent directly to a jig, uhili' that of the first half goes to the next 
trommel. The holes are 7 mm. in diameter in both halves. 

Till Si.oi'E is a most important factor, as it largely afl'cets both the capacity 
of the trommel and tin (luality of the products. Other things being the same, 
the steepc" th(‘ .^lope the more rapid will be the passage through, the shallower 
will be lb(> bank of ore, the more nearly will individual treatment of the particles 
be S(‘cured. and in consequence the greater will be the capacity. Obviously the 
slope eaniml b< increased to advantage indetlnitely. because at 15” a tbit screen 
works freely (vben run ilrv), and the Hat screen uses the whole area while 
the trommel uses only a narrow band of screen jilate at one time. 

ff’lie practice is as follows: 12 trommels slope from 1° 5' to 2°; 18 slope 
from 2” V to 3' ; 23 slope from 3° T to 1° ; 38 slope from 4° 1' to 5" ; 11 slope 
from 5° 1' to G” ; 9 .slope from 7° to 8° 30'; IG slope from 9 to 10°; and 2 
slope 14° and 22" 3.5' respectively. Slated in inches per foot: 4 trommels slope 
about i inch per fool; 18 about'4 inch; 32 about | inch; 3G about 1 inch; 11 
about 14 inches; 8 about 14 inches: 1 about If inches; IG about 2 inches; 1 
about 3 inches; and r about 5 inches per foot. 

IlEVOLiiTJONS ’•ange from 8 to 30 per minute, IG to 20 being mo.st eommon; 
4 trommels make from 8 to 10 revolutions per minute; 19 make 12 to 15J revo¬ 
lutions; G4 make 10 to 20 revolutions; 2G make 20J to 25 revolutions; and 22 
make 2G to 30 revolutions per minute. 

Increase of revolutions within certain limits increases speed of conveying the 
purliclcs through the trommel, which thins the ore banks and thereby improves 
sereening. Tliis speed is dependent on two facts: (a) The particle is carried 
up the side of the trommel and rolls down to a point nearer the lower end of 
the trommel than that at which it started, its jiath in space having the form of a 
.saw tooth; {b) dentrifugal force inaki's the ore cling to tlie side and carries it 
higher, but makes the angle of the saw tooth, or pilch angle of the helical path, 
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narrower. The more rapid revolution, then, loses on conveying speed by dimin¬ 
ishing the pitch 'angle, but gains more than it loses, by the increased number of 
saw teeth in its path per minute. This increase of speed of conveying the ore 
through the trommel goes on with increased revolutions until that speed is 
reached at which the ore will bo carried over by centrifugal force, and when this 
speed is attained conveying power is at an end. Another fact, however, com¬ 
pletely vetoes this use of rapid revolutions for gaining speed of screening, and 
that is the fact that as centrifugal force increases it tends to blind the holes 
of the screen, and this hindrance is so serious that it condemns altogether the 
seeking of great capacity by high speed of revolutions; 20 revolutions for a 
36-inch trommel is as fast as should he recommended. In Mill 35, trommels 36 
inches in diameter were run at 24 revolutions, which proved to he too fast. In 
the opinion of the manager 18 revolutions would have been right. 

§ 2i3. 1 he constrifction of trommels and details of the screens are aiven in 
Tables 187 and 188. 


TABLE 187.— CONSTHUOTION OP TROMMELS; AND MATERIAL OF THE SCREENS. 

AbbraTlat.lons,-Ac. = Hiibsorat;asf on to wronclit Iron epWerarms; Ar, = Pint wronRlit iron Hplilcr nrm« 
arc rivijuirt In bossif. on the linUs; Ab.=SpiiUt nrms arc screw*!,! Into thi' hubs, umi hclil i*j iilnce by lock mils" 
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TABLE 187.— CONSTRITCTION OF TROMMELS; AND MATERIAL OF THE SCREENS.- 
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Shafts are made of wrought iron or mild steel, and Table ISO shows a 
range of diameter from 15 to 85 inches, according to size of troniinel. A 2J-inch 
siiaft is salisJa'toi'v for a 8()-ineh trommel, tiO inehes long; and a 3-iiieh 
.shaft is satishK-tory for a 3(i-ineh trommel, 72 inehes long. Mill 22 report.s 
that a 25 -ineh (haft proved too light for a 3GX9()-inch trommel, and that a 
3-ineh shaft [)roved satisfactory. Mill 5 uses a l.J-ineh shaft for a conical 
trommel with 12-iiudi and .'jO-i'nch diameters and ID-inch length. This large 
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eize JB needed because the trommel is supported at one end only (see Q, Fig. 
1916). 

Very hea-\'y trommels, using ea.st iron screen plates are sometiincs mounted 
with friction rolhrs at the upper end and a gudgeon at 
the lower end (see Fig. 220). In the sides of tiie gud¬ 
geon are large holes to let the oversize full out. No. 
1 trommel in Mill 20 is an instiinee of this. 

Tim SpiDHiS im? generally attached to this shaft by 
key and si't screw, the key being desirat)!e to guarantee 
the e.xuct position of the spider on the shaft. The 
arms, which are generally of round iron, ar(' attaehed 
to the hubs, in 75 of the tronnnels shown in Table 187, 
by screwing them into bosses on the bubs and bolding 
them in place by lock nuts (see Fig. 221) ; and in 13 
trommels by casting the bubs on the wrought iron 
arms. The ends of these arms are usually provided 
with T pieci's welded to them. In 3 trommels the 
arms are attached liy rivi'ting tlal iron arms to tbit 
bosses east on tlio bnbs. The outer ends of ibeso flat 
arms are bent at right angles to give a support for 
the screen. 

The number of spiders is from 1 to 5, depending 
on the length of the trommel; 1 trommel has one; 10 
have two; 55 have three; 18 have four; and 7 have 
five spiders. A spider has from 3 to R anna, generally 4. The argument for 
numerous arms is that they will make a more perfect cylinder; the argument 
for a small number is that with fewer arms to wear out the cost of repairs is 
less. 

The distance between spiders should depend on the strength of the screen 


fii 
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TABLE 188. —LIFE, COST AND DETAILS OF TBOMMEL SCBEENS. 
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TABLE 188. —LIFE, COST AND DETAII.S OF TROiTMEL SCREENS.— Concluded. 



plate OT cloth, and the weight of ore carried at one time. The distances in the 
mills are: 
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For plate screens the most common distance is 3G inches, hut for wire cloth 
screens it is only 30 inches. It ia netessary to have the spiders nearer together 
for cloth screens on account of the Jkxihdity of tlie cloth. At the, Eapid City 
Chlorination Works, where the trommels were covered with IG-mesh wire cloth, 
the weight of the on! caused the <'lotli to sag between the sjiidera, and this con¬ 
stant bending back and forth broke the screen.” 

§ <iT4. Matehial FOlt Scueens.— The screening surface or screen proper is 
made of vuriou.s materials: 77 trommelts use steel ])late; G wrought iron plate; 
4 flange iron plate; 4 east iron; and Sa plate (kind not named) ; while 30 use 
steid wire cloth; 1) bra.ss wire cloth; and 4 wire cloth (kind not named); a 
total of 113 plate serc'ens and 43 wire cloth screens. From this list it is evi¬ 
dent that plate is preferred to wire, and that steel predominutes over other 
material for both plate and wire. 

In regal'd to the relative advantages of punched plate and wire cloth, the 
following notes embody the experience of various mill men and other authori¬ 
ties. Plate lasts longer than cloth (Mills Hi, 17, 33, 30 and 93), and gener¬ 
ally costs less per ton of ore screened (Mill 80), though occasionally it is 
more expensive on account of high freight charges, due to its greater weight. 
It is stronger and therefore less liable to breakage than cloth (^lill 81), and it 
is mori! easily repaired when broken. In wire screens the size of the holes is 
not increased .so much before wearing out as in the case of plate, and therefore 
there is less variation in the screen products; but ordinary cloth has the dis¬ 
advantage that the wires arc liable to sjjnaid and leave the holes very irregular 
in size. This.difliculty, however, is overcome by the “double crim))ed” cloth 
such as is made by the W. S. Tyler Co. This “double crimped” cloth has been 
found to wear about twice as long as “single crimped” at Mill 20. Wire cloth 
generally has a larger jjercentage of opening and therefore somewhat greater 
capacity than punched plate. It however has the disadvantage that the round 
section of the wire makes the holes taper downward, and this with the square 
shape of the holes and the uneven .surface of the cloth tends to blind up the 
screen, especially when there is consideruble fibre and chips (Mills 32, 38 and 
86). Mill 86 discarded wire screens for mine ore on account of chips and 
fibre, but uses it fur reground middlings on acciount of the smaller variation 
in the size of hole.s by wear. Cloth is more liable to break before wearing out 
than plate, because its fle.xibility permits it to bend more. 

TUa corroding agents which call for a special metal are sulphuric acid in 
iron pyrites mines, and copper sulphate in mines carrying copper sulphides. 
Carbonie acid may be a source of trouble, but it is not so powerful an agent of 
destruction as the other two substances. Copper and its alloys are the best 
materials for overcoming these difficultie.s. Kunhardt* says that, for plate 
screens with holes finer than 2 mm., eopper ia better than iron; the former 
wears by abrading oifly, the latter by abrading and corroding. At Clausthal, 
in on« case, copper cost 1.8 times as much as iron, but lasted 2.4 times as long, 














aiZINQ aCRSENS. 


m 


§ 275 


13 months and 5 months being their respective lives. Mill 30 uses brass cloth 
for all sizes, steel plate and cloth having both been discarded in favor of this. 
The life is much longer, owing to acid water, and the freight is less, owing to 
the lightness of the cloth. 

The W. S. Tyler Co. recommend phosphor bronze cloth as being more durable 
than copper or brass for use with acid water, etc. Harrington & King recom¬ 
mend manganese bronze for plate screens. 

§ 375. Attachment of Sckkens.— The screen plate or cloth is attached to 
the T ends or bent ends of the spider arms in a variety of ways. In 33 trom¬ 
mels wrought iro)i tires are riveted to the 7' ends, and the plate or cloth 
wrapped around these tires and held by tightening hoops, to the ends of which 
lugs are riveted for the insertion of draw bolts; and in 11 others this same 
method is used without the inside tires. Fig. 333 shows the latter method. 
The lugs and draw bolts arc shown in Fig. 233. In 7 trommels the tires are 
riveted or bolted to the T ends, and the screens are Ixdbai to these tires, in 
addition to having the outside tightening hoops; while in 7 other cases they are 




Fid. 333. —DETAin OP 
A HOOT TldllTENEE 
FOR A TROMMEL. 


riveted In the tires and do nnt have the tightening hoops. In 13 trommels 
the screen is bolted directly to the 7’ ends, and also has the tightening hoops; 
while in 5 others it is bolted to the T ends without the tightening hoops; and 
in 5 cases tlie tire is jmt on outside tlie screen and the two are riveted together 
to the T ends. Six trommels in one mill (Mill 37) have the ends of the spider 
arms swaged down to a smaller diameter, making little shoulders upon which 
the inside tires rest, and the screen plates are bolted to these tires. Another 
method is to have heavy spider arms, to which the screen is attached by large 
square-headed screws, which enter the arms radially. Finally, 3 trommels 
carry wrought iron frames in quadrants, into which the screen plates are bolted. 

In Mill 34, No. 3 trommel has four supporting rods running lengthwise 
from the tire of the first spider to that of the last. They are riveted by T 
ends to the end tires midwmy between the .spokes and are boiled to the inter¬ 
mediate tires. They modify screening by lifting the bank of ore and allowing 
it to fall again. They ^Iso add something to the stiffness of the trommel. 

The inside tiros and even the T ends bolted direct to the screen plate, although 
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they seem to be 'much favored, are, in the opinion of the author, very harmful 
in several ways. They cause a heaping up of the ore just above the tire, 
which hinders good screening, increases wear of the screen plate, increases the 
constant load of the trommel and therefore the power to drive it, increases the 
abrasion of the particles and the formation of slimes. If it were not for the 
clumsiness of the method by gudgeon and friction rollers, its ability to obviate 
the above difficulty by the omission of spiders and inside tires, would be a 
strong argument for its adoption. 

In Mill 84, No. 1 trommel has holes 6X8 inches in the last foot of its length, 
through which the oversize is discharged and the wear on the last s{)ider .saved. 

For large trommels Fraser & Chalmers use channel irons on the wids of the 
spider arms. These channels are placed parallel to the shaft, witli^ flanges 
turned inward, and with perforations for the arms of the spidcjs. They are 
held in place by two nuts, one outside and one inside, and furni.sh bases to 
which segments of screen cloth can be bolted edge to edge. 

Screens are generally put on with lap joints, except in the ease of very thick 
plates, and then butt joints are used, with or without fish plab.'s. In Mill 40 
the first trommel has 4 punched steel plates, -J inch thick, 3 lengthwise and 2 
to the circumference. They arc put on with butt joints, and where the four 
corners join they are united by inside and outside fish plates, 16 inches long, 3 
inches wide and ^ inch thick, each fastened by eight ^-ineh bolts, the ends 
are also attached with fish plates. The spider anus have T ends, which are 
attached to the screen by two bolts each. For screen plates that are sufficii.'ntly 
flexible, one segment of plate is used to the circle. 

Wear of Screens —The plates of many trommeds arc regulated according to 
wear: the first half wears out faster than the second half, and a party worn 
second half may be put with a new first half, thus getting a little more wear out 
of the screen. In No. 3 trommel of Mill 27 the plan was tried of having a 
first plate 41' inches long, followed by a second 33 inches long with the idea 
that when the first plate was worn out at its receiving ctuI it could Iw trimmed 
and used as a second plate, but the first plate was found to wear at its receiv¬ 
ing end by the blow and at the lower end by interference due to the spider and 
inside tire, and .so the scheme was abandoned. 

A short length of unperforated plate, called a “dead plate,” is frequently 
placed at the v.pi)cr end of the trommel to receive the excessive wear due to the 
fall of the ore into the trommel. 

To patch broken screens, Mill 32 uses short, diagonal binders, one inside and 
one outside, connected by bolts at the ends. 

§ 376. Driving Mechanism. —The following summary from Table 186’ shows 
the different methods of driving trommels, and the number of instances of the 
different methods in the mills visited: 3!) trommels are driven by pulley and 
belt at the lower end, 1 by pulley aud belt at the upper end, 39 by beveled 
gears at the lower end, 12 by gears with idler from the trommel below, 11 by 
gears with idler from the trommel above, 17 by chain and sprocket at the lower 
end from a counter shaft, 8 by chain and sproeki't at the upper end from a 
counter shaft, 4 by chain and sprocket from the trommel below, 2 by chain 
and sprocket from the trommel above, and 1 is directly connected to a log 
washer .shaft. This list shows that driving with beveled gears and driving 
with direct pulley are about equally common. The use of beveled gears 
has the advantage of belting to a horizontal shaft, and is probably cheajier 
in the end than the. complications arising from sloping counter shafts and 
direct pulleys. A number of trommels, also, are driven by sprocket chains. At 
Mill 27 half of all the’ stops were causeG by the sprockqj; and chain drive of the 
tronnn.^ getting out of order, but this may have been due to weak chains or 
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sprockets. At a number of cement mills in Pennsylvania the sprocket drive 
is very successfully used and gives no trouble. 

Three trommels in a row may be driven at the lower end of the middle one, 
the other two connected to it by gears and idler, or they may be driven indi¬ 
vidually. Individual trommels are a little more independent and therefore 
easier to repair and handle, and their first cost is about the same as where the 
gears and idler are used. This arrangement would seem to bo preferable to 
connecting trommels together. 

The ».!cond fronimcl in Mill 20 has two beveled gears on the driving shafts, 
one on each side of the driven gear, and either of these can be thrown into 
gear, thus enabling the mill man to revolve the trommel in either direction. 
This device sends the oversize to one or other end of the rolls which crush it, 
distributing the wear. 

Hope driving does not seem to have found its way into the mills for trom¬ 
mels, but it appears to have peculiar advantages for connecting shafts that are 
irregularly placed with reference to each other, and for the rough work of 
milling. Pig. 21!) shows an application. 

Power.— No. 1 trommel in Mill 2(1 requires 1-J horse power, but the trommel 
has a heavy half-inch steel screen and is !)(> inches long, 3(‘> inche.s in diameter, 
so that the power required is comsiderably above normal. At Przibram, Bohemia, 
dynamometer tests'" showed that three conical trommels 31^ iiiehcs in diameter 
at tlie small end, 3f)J inches at the large end, and 5(1 inches long, driven inde¬ 
pendently by spur gears from a single shaft, and running at 30 revolutions a 
minute, required 2.058 horse power. Fraser & Chalmers estimate power as 
follows for trommels 30 inches in diameter and 72 inches long: 1 horse power 
for a singh' trommel, 1J horse power for either 2 or 3 trommehs, 2 horse pow’er 
for either 4 or 5 trommels, and 24 horse power for 0 trommels, to which 15% 
should be added for friction of shafts, sliyi of belts, etc. This .shows that the 
power i; not considered to increase proportionally with (he number of trommels. 
The power to drive 30- and 3(l-inch trommels, 72 inches long, run at 20 revolu¬ 
tions u mi]:ute, screening 150 tons in 24 hours, is computed to be as follows: 



JW inch Trommel. 

8G Inch Trommel, 

Degreas. 

Horse Pf>\ver. 

Horse Power. 

2 

U.4H8 

0 520 

5 

o.ao8 

0.228 

14 

0.089 

O.IM 


In these computations it is assumed that the trommels weigh 550 and 700 
pounds, and have shafts 2^ and 3 inches in diameter respectively. The coeffi¬ 
cient of journal friction is taken at the other matessary data are taken 

from Tables 202, 203a, and 205. The figures given include the power necessary 
to overcome the friction of the journals and the friction of the ore on the screen, 
but not the friction of the driving gear. The friction of common cast gears, 
the friction of the bearings due to thrust, etc., would probably bring the figures 
for the gentlest slope up to that found at Przibram and those used by Fraser & 
Chalmers. 

The above figures show that the increase in power is not at all proportional to 
the increase in diameter: a 3f)-inch trommel requires but slightly more power 
than a 30-inch trommel; and when its increased capacity is considered, it will 
be found that the power per ton of ore .screened is less in a 3G'-inch trommel 
than in a 30-inch trommel; that is to say, the power per ton dimini.shos as the 
trommel increases in diameter. 

§ 277. Feeding. —A steady feed of ore to a trommel is essential to good work. 
If the trommel is overdriven at times, it will surely carry into the oversize a 
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larger proportion of the nnderHize than is allowable. The Tullock or some 
siTiiilar form of feeder is suitable, or tbe trommel may be fed by the undersize 
of a previous trommel, or by any steady inaehine. Mills 20, 27 and 28 use 
automatic feeders before the first trommel. The la.st has one also for re-ground 
middlings. The usual practice in the mills appears to be to trust to the breaker 
or rolls for regulation. 

At the upper end of the trommel there is commonly a receiving or feed cone, 
which projects 4 to 8 inches beyond the upper spider so that the feed spout can 
enter without interfering with the spider. On account of the gentle slope of 
the trommel, this cone is inclined 15° to 50° to tbe a.vi.s, to prevent the possi¬ 
bility of the ore being throwm out. The details for some of the trommels are 
given in Table 189. 


TABLE 189.— RECEIVING CONES FOR TROMMELS. 


Mill No. 

Length of Cone on 

Small and Larpe 

Inclination of Side of 

the Slope. 

DiamettT of Coue. 

Cone to the Axis. 


Inches. 

Inches. 

Ih'K. 

Mni. 

6 

6 

85 and 43 

85 

40 

]|^ 

6.6 

29 and 81 

6 

45 

23 

7 

2 S and 88 

84 

CO 

24 

7.8 

29 and 36 

26 

40 

25 

7.3 

2H and 36 

88 

40 

28 

6.6 

24 and 86 

44 

.55 

27 1 

6.5 

SO^ and 35 

23 

20 

4.3 

SlU and 34^ 

26 and 86 

20 

80 

S5 

7.2 

S3 

40 

87 

5.6 

40 and 48 

46 

40 

41 

6 

83 and 86 

14 

30 


Wash Water in the Trommel. —This is generally fed upon the out.side of 
the up-coming side of the trommel by a spray pipe. In Mill 88 the water comes 
from an overflowing trough. An internal spray pipe can be used in the trom¬ 
mel shown in Fig. 220. Sometimes the shaft is made hollow and holes bored 
in it give a spray of water applied inside. The object of the water is to hasten 
sifting by washing the fine stuff quickly through the holes. It also prevents 
blinding up of the holes and lays the dust. Water must be used on damp or 
wet ore. If the ore is previously dried, screening can bo done without water, 
but in this case the trommels must be comjjletely housed in and provided with 
suction from a fan, to avoid the otherwise intolerable dust that would be made. 
A disadvantage of water lies in the fact that wet or even moist ore wears out 
screens much more rapidly than dry ore; it also dilutes the pulp and so leads to 
loss in slimes. It is not uncommon to omit the use of water on the earlier, 
larger trommels (for practice see Table 190). In 7 mills out of 23, dry screen¬ 
ing precedes wet; in the other 16 water is fed to the first trommel. Among the 
former, water is nowhere fed to a screen coarser than 9.5 mm.; but among the 
latter it is fed to screens as coarse as 54 mm. 


TABLF, 190.— THE USE OF WATER IN TROMMELS. 


Mill 

No. 

Sixes of Holes !d Trom¬ 
mels Run Dry Mm. 

Sizes of Holes in Trom¬ 
mels Run Wet. Mm. 

Mill 

No. 

Sizes of Holes In Trnm- 
melB Run Dry. Mm. 

Sizes nf Holes In Trom¬ 
mels Run Wet. Mm. 

10 

None. 

12.7 

m 

31.8. 

5.7, 3.6, 2.1,1-5, 0.9 

15 

None. 

12 4. 4.7, 2.8 


xT i 

36.1,25.4,15.9,12,7,10.8, 

16 

None. 



...j 

8.8, 4.4, 2.6,2 

17 

15,10.. 

7, 5, 8.5. 2 


None. 

40, 25,16,12, 8. 5, 8.6, 9 . 

1H 

8.6.... 

2.1,1.6,1.3 


None. 

2.5,15,10, 7, 5, 3, 9.6 

19 

8 mesh....... 

5 mesh, 6 mesh, 10 mesh 

kW 

None.. 

16.15. 9. 6, 4. 2.5 

20 

None... 

6.4, 8.6, 2.7, 1.5 


None.... 

38.1,22.2, 9..5, ^8.5 

21 

None... 

4.6, 3.5,1.2 


None... 

54, 86.1, 16,6.6,4.6 

22 

None. 

e. 8 

41 

15.9. 

9.5, 6.4, 8.2 

2R 

None.. 

7.5. 8 

4S 

None. 

11.1, 8.2 

24 

None.«... ....... 

10, 7, 6, 8 




26 

«.... 

None 

66 
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§ 278 

§ 278. The duty or capacity of a troiftmol is the quantity of ore that it can 
screen satisfactorily in a given time. It depends upon the slope, tlie diameter, 
the speed of revolution, and the length of the trommel. Table 191 shows the 
actual quantities handled in some of the mills. 


TABLE 191. —DUTIES OF TROMMELS IN THE MILLS. 


Mill 

Number. 


10 . 

15. 

21 . 

21 . 

22 . 

28. 

24. 

25. 
20 . 

26. 


29. 

29. 

80. 

82. 

84. 

36. 

38. 

88 . 



Tromraol 

Number. 

Tons Screened 
per 24 }lours 

Slope. 

Diameter. 

Revolutions 
per Minute. 

Length. 

Diameter of 
Holes. 


384 to 432 


Min. 

Inches. 



Mm. 

1 

4 

4.5 

86 

20 

S4 

12.7 


91 



31-43 

21 

73 

12.4 

J 

2 

e.'itoTS 

4 

45 

30 

25 

86 


4U to 50 

4 

45 

SO 

25 

GO 

3.5 


175 

8 

0 

36 

17 

96 


1 

(ii) :oo 

3 

85 

86 


108 


]A 

109 

1 

50 

86 

18 

.34 


1 

(o) 90 

.3 

5.5 

86 

26 


6 

1 

200 

7 

5 

m 


96 

81 8 

2 

(a) 100 

4 

45 

so 

18 

60 

6.7 

1 

240 

8 

10 

34 

17 

120 

16, 25, 40 


(a) 175 

9 

.80 


.80 

CO 


2 

<a) 175 

9 

30 



60 


8 

175 

9 

30 


30 

60 


1 

(a) 260 

3 

0 

48 

15 

90 



250 

7 

10 

86 

17 

120 

8.12 

1 

75 



86 

17 

129 

7.9,12.7 

l.W 

9 

30 

40 

16 

60 


1 

250 to 300 

.5 

20 

86 

24 

48 


1 

150 

9 

30 

86 

12 

48 

88.1 

2 

150 

6 

55 

86 

20 

72 

22 .a 

1 

250 

4 

45 

30 

10 

80 

.381,54 

1 

Bauiplur. 

(4) 17.1 

4 

45 

80 

20 

96 


125 

2 

0 

86 


72 


1 

76 

2 

0 

82 

25 

60 

8 mesh. 


(a) Plus returns from rolls. (At 200 tons could easily be screened. 


The adjustments tliat affect capacity are discussed in § 292 and § 293, Chap¬ 
ter X. Tei.s are given in § 293, showing the quality of screening'in a few of 
the mill tromrael.s. 

The following figures show approximately the quantities of ore delivered per 
hour by flic No. 3 and following trommels in Mill 2(i, the ore all liaving previ¬ 
ously ])a.ssed through .'■).7-unn. square holes; Over 3.(1 nun., 2,500 pounds; 
over 2.1 mm., 1,250-1,007 pound.s; over 1.5 inm., 1,000-1,250 pounds; over 0.9 
mm., 833-1,000 pounds; through 0.9 mm., 2,750-1,917 pound.s; total, 8,333 
pounds. The two following c.xamplcs are taken from l.inkeubach,® the material 
treated consisting of galena, blende, spathic iron, quartz, graywacke and slate. 
The trommels arc all coniral. In the first set, each trommel was 54 inches 
long, and the small and large diameters respectively 31.5 inches and 38 inches; 
and each makes 15 revolutions a minui-c. The ore treated had already passed' 
through 30-mm. holes. The screen plates were of wrought iron. 


Diameter of Holes. 


Oversize per Hour. 

Mm. 

Days. 

Pounds 

20 

400 

2,314 

la 

460 

1,984 

8 

600 

1,488 

5 

470 

1,167 

8 

870 

ong 

8 

860 

'.647 


840 

166 

1,571 


. 

Total. 


0,918 


. 
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In Iho Rpcond Rot, each trommel makes 15 revolutions a minute. The size of 
the feed is not staled. 


Small diam¬ 
eter. 

i Larpe Diam¬ 
eter. 

Length. 

Diamotor of 
Iloht. 

MateriiUof 
l-luo . 

Life of Plate. 

1 

[ 

Oversize per 
Hour. 

Inches. 

Inches. 

Inch 08 . 

Mm. 


Days. ' 

350 

Pounds. 

43.0 

51 

77.U 

8 

Iron. 

3,747 

31 5 

SA 

M.5 

5 

Iron. 

820 

1,400 

31.5 

38 

M.r> 

3 

Iron. 

300 

1,250 

31.5 

H8 

53.5 

2 


280 

992 

31.5 

38 

5 : 1.6 

1 

rhroagh 1 mm 

Steel. 

250 

i 771 

1 3,198 







1 





11,-101 








In this Becoiid set, the finer screens are worked much harder than in the first. 
I’he two I'nllowiiif' c.Mimples are given hy Bl6nieke.“‘ The first is a scries of 
cylindrical irmniiipls, the second a scries of conical, concentric frommels. The 
material .screened liad already been through a grizzly with (il)-miii. spaees. 


Diameter. 

Length. 

Slope. 

Diameter of 
Holes. 

OveraizB per 
Hour. 

Inches, 

Inches. 

Degrees. 

Mm. 

rounds. 

21 

79 

if 

80 

1,080 

21 

59 

4 

20 

435 

21 

69 

4 

1.3 

435 

21 

59 

4 

8 

413 

2t 

69 

4 

6 

8U0. 

21 

69 

4 

8 

187 

21 

60 

2 

2 

193 

21 

69 

8 

1 

138 

21 

59 

2 

0.5 

68 




ThrougbC.fimm 

44? 















All of the'trommels in tlii.s first Rct were run at 18 revolutions a minute. 
The total amount of water used for the sot was 575 liters a minute. 


Diameter. 

Length. 

Diameter of 
Holes. 

Oversize per 
Hour. 

Inches. 

* 190 

loner cone.. 4*’ 

Outer cone.. | ^ 

Inches. 

79l 

43 

> 

. 

Throuj 

m. 

.30 

20 

13 

8 

5 

i 

1 

»b 1 mm. 

Pounds. 

3.306 

992 

771 

6G1 

830 

220 

441 

4-11 






8,815 



. 


The total amount of water used for this second Ret was 400 liters a minute. 

§ 279. OoST OF SeitEENiNQ. —The cost of screen plate or cloth per ton of ore 
milled, in fractions of a cent is given in Table 192. The ore in every case is 
wet, or at least moist. 
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TABLE 192. —COST OF TROMMEL SCREENS. 



PLATE. 


WIRE CLOTH. 

Mill 

Ho. 

Cost of Screen Platea in Fractions of a Coot 

Mill 

No. 

Coat of Screen Cloth in Fractious of a Cent 

1... 

per Ton of Ore Milled. j 

1 

per Ton of Ore Milled, 


Individual Trommels. 

Whole Mill. 


Individual Trommels. 

Whole Mill. 

10 

22 

1 

0.820 to 0.3M 
10.166) 

0.270^ 

10.2661 


0.320 to 0.384 

0.701 

SO 

f 

0.162 to 0.304 
0.073 to 0.101 



i 


1 1 

0.085 to 0.176 





f 0 0U2 




1 

0.085 to 0 170 





1 0 128 




I 

[0.101 to 0.1201 

1 


24 


0 367 (o) 



21 


0.449 to 0.501 

[ 

1.111 to 1.388(c) 



; 0 1C.9 




1 

10.661 to 0.701! 

1 



i 

i 0 061 





f (d) 1 





0 038 to 0.0431 





0.131 to 0.157 1 



85 


0.038 lo 0 U43 1 
0 054 to 0.004 1 


0.239 to 0.270 

20 


1 0.118 to 0.147 ; 
1 0,118 to 0.147 1 


0.C09 to 0.66S (e) 



0 071 tn 0 Ohu 1 





0.118 to 0.147 





U3.S to 0 013 J 
; (1.203 to 0.231 ] 
0 147 to 0 161 1 

1 



1 

L0.314 to 0.268J 



40 


0 iKi to 0 u)7: 
U.U13 to 0.189 
LO 1U5 to 0.213J 


0.889 to 0.074(6) 







(a) ItJcludfK tlui cost <if putting on. (/;) Copper suipbatB water. (c> I’robaUy acid water, (d) First trom< 
mel not worn out. (e) I'rubably bigb freight cb.^rges. 


At tlu* Leliigh Zinc & Iron Co.'s mill, for sizing franklinitfi ore dry, tlirough 
10 -, 1.')-. :t()- ami r)()-iiu'8li i-Iotli screens, the cost of the trommel screens from 

July, lH9o, to Jiimiury, ISyii, was !i!y(i;i.93, screening in that time 0,982 tons 
of ore, making the c.\pen.=ic per ton 4.35 cents.* This high figure is probably 
clue to the fact that vi'ry line screens arc used and a number of them. 

At Mill 20, No. 2 trommel, 5 feet long, 30 inches in diameter, with inch 
shaft and with 3 spiders, treating 100 tons of quartz pur day, wears out its shaft 
and hjiiders completely in one year. ICstimating the cost of a trommel at $85, 
screening 100 tons a day for 350 days, the cost per ton would be 0.243 cent. 
If (‘hanging .screen plates takes 3 men half a day, at $3 per day, it would cost 
■$4.50, am. if the screens last 40 days and treat 100 tons per day, the cost for 
this would he 0.113 cent per ton. 'Phe annual labor cost for putting in a new 
trommel would he about the same, and would take the place of the 40-day 
change on thii:, occasion. Suppose .screen cloth costs $5.50 and lasts 40 days, 
this would give a cn.st of 0.131 cent per ton. Attendance might he of a 
man a1 $2.50 by day and <$2.50 liy night, c^qual to 0.5 cent per ton ; lubricating, 
0.02 ecnl per tcin ; 1 horse power at 13 eents per 24 linur day would he 0.13 cent 
per ton for power. Summing up, we get some idea of what the cost of screening 
by a trommel might be: 


Firrft coHt of tromiTtel.0.243 cent per ton. 

The labor of changing.0.113 “ ** 

The screen cloth. 0.181 ** ** 

TboiOApr. 0.130 “ 

Lubrlcfiiion. 0.020 “ “ 

Atteudaoco. 0.600 ** ** 

Total. 1-137 cents ** 


If a mill has a number of trommels, the computation should be made for each 
trommel and the sum of their costs will be the total screening cost. 

§ 280. Conks, Pyramids, Prisms. —These forms have met but little favor in 
this country (see §271). The advantage claimed for the cones and pyramids 
is that the horizontal shaft simplifies the niechaiii^m, allowing of direct bolt 
and pulley connection with the shaft of the trommel. The angle of the cone 
or pyramid becomes the angle of the slope of the screen. On the other hand, 
both' cone and pyramid have the disadvantage that they require special shapes 


* Letter from J. Price Wetberill. 
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of plates, which are more expensive to make and fit than the simple rectangular 
forms used upon the cylinders. Tliey also have the disadvantage that the 
greater work of screening is put upon the small end of the trommel where 
the screen surface is smallest and therefore least able to sustain th(' w(!ar, and 
where the curvature is greatest, making the hank deeper and le.ss manage¬ 
able. They have the further disadvantage that the whole condition of screening 
is ciangiiif; from the beginning to end of the trommel: if the revolution be 
made to suit either the .small or large end the otiuT end will be working at a 
disadvantage, because the centrifugal force increases from the small end to the 
largo end. The spiders, and the lueihods of attaching the scrc'ens to I hem, arc 
the. same as in the cylinders, e.xcept that the length of tlic arms is made to suit 
the tajicr of the cone. 

The ])risnis and pyramids are made octagonal, he.xagonal or square, the edges 
being formed by permanent frames and the planes being filled by screen clntli 
or plate. Mill 89 has one prism and Mill 90 has one pyramid. It would seem 
that whatever advantage is gained by the sliock which the ore hank give.s wlimi 
it strikes a plane, in hastening sifting and in unlilinding the screen, is probaiily 
more than offset by the e.xtra wear which the first half of the plane is called 
upon to bear, and by the small amount of screening done by the lust lialf of 
the plane. 

§ 281. Tanukm and Concentuic Tkommei.s have screens of two or more 
sizes on the same shaft: in tandem trommels two or more screens form one con¬ 
tinuous, cylindrical or conical surface; in concentric trommels two or more 
screens are placed one outside of the other. In tandem trommels tlic first or 
upper screen is always the finest and the others follow in order of size; in eon- 
centric trommels the inner screen is always the roarsest and the others fidlow 
in order of sizes. The object of both of tliese devices is to save mill fall or 
height and to gain compactness of plant, but both of these advantages are 
obtained at the expense of sinqilieity. The tandem form can use only two 
screens, or at most three, because tlie first screen, wliich receives tlie most'wuar, 
is the finest, and is therefore least able to stand rough usage. The eoueentrie 
trommel becomes greatly complicated if a number of screens i,s used; and the 
fine screen, which is apt to be high co.st cloth, has to be made very large and 
is therefore very expensive. On tliis aeeount two screens appear to be tlie 
maximum number of concentric screens attempted on one trommel. 

The practice in regard to tandem trommels is shown in Tables ]8fi, 187 and 
188, that in regard to concentric trommels in Table 193. Of the 1G3 trommels 
in Table 188, 22 luive tandem .‘screens, Talde 193 .shows 2 trommels (Mills 11 
and 13), with concentric screens, and 3 (Mills 4 and 31), with tandem and 
concentric combined. 


TABLE 193.—CONCENTUIC TROMMELS. 


First, Fart 


Second Fart 


! 


1 


. b 

Diameter of 
Cylinder. 


/■* r 

a 




Is 

130 

:l 

S: o 
J 


a-3 


S 

§ 

a 

Screen. 

Length o 
Cylinrtc 

Boles. 

oW 

3° 

Length. 

Diameter 

Hole. 

Slope. 

S a 
39 
•3* 

Screen UaterlsL 




2n. 

In. 



Tn. 

In. 


■ 




4 

1 


24 

80 



80 

S'J 

^•!n. m(«h. 



18 

Cloth. 



16 

86 





n 

1 








mu 

















28 

1 


78 

24 







1 mo' 


Steel wire cloth. 


72 

40 

90 






n 

1 


82 

82 


28 

82 

32 

16 mm. 

15 mm. 

6 mm. 

4 mm. 


[8*85' 


Punched sted plate 






42 

81 


e 


82 

82 


66 



j-8»85' 

81 

Punched iteel plate 






S2 

86 

66 

J 





_ 





























Bmim scBEBsa. 
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The outer screen in Mill 4 is put on only at the upper end of the trommel. 
Those of Mill 31 are put on only at the lower ends of the trommels. In Mill 
13 the low'er end of the inner screen extends G inches beyond the outer screen. 

§ 282. The Schmidt Spiral" Screen consists of a continubu.s wound-up 
ribbon of dead plates and of wire o]oth.s, having a definite space between suc¬ 
cessive turn.s of tlic coil (see Fig. 224). The plan is to place the coarsest cloth 
inside, the fine.st outside, and the other sizes in series between tlie two. At the 
end of each size of cloth is placed a cross dam at a slight angle, wdiieli forces 
the oversize to rejiort at one side of the screen or one end of the drum, where 



a sjioiit is placed to discharge it, each discharge being a little more than one 
revolution in advance of the ])repcding. At the end of each size of cloth, just 
beyond the discharge and before' the next size liegins, is a short dead plate. 
These, little dead plates are ]nit in the series to prevent the undersize from a 
screen above from mixing witli any given oversize just as it is discharging. The 
advantages (daiined for the .spiral screen, in addition to its com])actneK,s, are that 
it uses less water and power, and requires less fall than other forms, and has a 
horizontal shaft. The disdvantage is that it is much more troublesome to 
repair and more ditficult to inspect. 

Linkenbach" gives the following example of a spiral screen with aicvc.s 600 
mm. wide, making 8 revolutions a minute, screening 3,000 kilos (6,612 pounds) 
of ore per hour, using J hor.se powei and 30 liters of water per minute. The 
feed comes from a wash trommel through a 23-mm. hole; 


Size of Holes. 

Perforated area, 
JMK)® each. 

Dead Plates. 

Dlampter uf 
Hor«'<>ns. 

Min. 

Sq. M. 

Sq. M. 


15 

2.00 

0.00 


10 

2.10 

0.20 


7 

2.34 

0.26 


4.5 

2.67 

0.20 


8 

2.81 

0.32 


8 

8.03 

0.30 


2.5 

8.G5 

0.00 



This screen has found some favor on the continent of Europe, but its intro- 
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cluction has! not inorpascd as rapidly as the trommel. At Freiberg, in 1883, 
there were 3 spiral sereeiiB and 15 flat, shaking sereens; while in 1803 there 
were 3 spiral screens, 31 trommels, and 3 flat shaking .screens. 

g 283. Systems of Screeninu by TiiOMMEi.s. —The system which meets by 
far the most favor in this country consists in the use of cylindrical trommels 
with only one size of hole to each trommel, the set being arranged in a series 
beginning with the coarsest and ending with the finest size. This is the best 
system, heeause it proportions the wear to the ability of the scri'cns to withstand 
wear—the coarsest has the hardest usage and the finest the mildest. It also 
makes a more ))erfcet scpariitiou of the coarse from the line ore, and very much 
lessems the production of slimes. Abroad, the series has somelimes been divided 
by ihc following means: The ore first goes to a screen with medium-sized holes; 
the oversize of this to a series of coarse screens, the undersize to a .series of line 
screens. This system .saves some fall, but it causes e.vcessive wear on the receiv¬ 
ing screen, beside complicating the arrangement. 'I'lie dilferent systems of 
arranging trommels may bo classified as follows: 

{A) Trommels without special devices to diiuimsli fall. A single size of hole 
for each trommel, the coarsest first. 

(а) The straight line system, in which one trommel fidlows another, 

with their axes generally in one vertical plane (see Fig, :,’1S). 

(б) The side by side system, in which the direction of the ore's move¬ 

ment is reverscil for each troiiiiiiel (see Fig. 'I’his .sys¬ 

tem is more compact, but uses a little more height and is not as 
pimple as the preceding. 

(B) Trommels with .sjiecial devices for minimum fall. 

(t) Ih'ginning with finest holes. Two or three dilTerent .sizes of holes in 
a single cylinder or cone. 

{'i) Keginning with mi'dium-sized holes. One trommel, with say tl-mm. 

holes, sends oversize to a second trommel with two or three sizes of 
coanser holes, and undersize to a third trommel with two or tliree 
sizes of finer lioles (see Fig. 22(i). 

(S) Beginning with coarsest holes. 

(а) A concentric trommel (cither cylinder or cone) with two or iliren 

screens. 

(б) The Neuerhurg system uses as many as three successive ennieal 

trommels on one horizontal shaft, with little sand wheels to lift 
undersize of linst to second, and of second to third (.see Fig. 
227). 

(c) The Ileherli system uses as many as four conical trommels on a 
single inclined shaft, the ore moving from the large to the small 
end of the cone (s<‘e Fig. 228). 

{d) The Schmidt spiral screen has successive sizes in a continuous .spiral 
on a single shaft. 

Comparing trommels in straight line with trommels side by side; the former 
require somewhat less fall; the latter arrangement is more compaet, but it is 
less acce,ssible for inspection and repairs, and the compactness is often uncalled 
for. The loss of height from passing through the trommel is much less with 
the spiral than with the cylinder or ordinary cono, as it omits the conveying 
launders with their neees.sary grades. The Neuerhurg dc.sign of conical trommel 
overcomes this loss of height by introducing liftle elevating sand wheels, and 
also simplifies the diiving mechanism for a set of trommels; hut to offset these 
advantages, it seriously complicates inspection and the rejilaeing of worn out 
screen plates. 

§284. Comparison of Trommels and Biddles.— Owing to the fact that 
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a riddle uses the whole of the surface at all times, while a trommel uses only a 
narrow strip, the former will have a much larger capacity than the latter if the 
• slopes are such that the ore banks arc kept thin; but as a rule they require 
greater slope. In regard to quality, the shaking action of the riddle causes it 
to do a high grade of screening, provided it has sufficient .slope to have a thin 
ore bank; but the long path of the particles in the trommel, if the slope of the 
latter is not too gentle, brings up its quality to nearly that of tlu! riddle, except 
on the finer sizc.s. In regard to power, the authorities agree tliat the riddles 
take more than the trornniel.s. 'I’lie trommels run more (jiiietly than the riddles, 
as they give no jar or shake. In regard to wear, re))airs, and frequency of 
stop.s for repairs, the antlioritics hold that the advantage is largely with the 
trommels. In regard to .slime making, most authoriti(>s hold that t.lie wear of 
the trommel makes less slimes than the shock of the riddle. In regard to sim¬ 




plicity, the mounting of the screen is .simplest in the riddle, while the power 
connections are simplest in the trommel. 

To sum up the practice by the number of machines used; 107 positions, in 
the mills visited by the author, use trommels, and 3 use riddles. The opinion 
of foreign null men appears to confirm that of American, for we find that in the 
Freiberg district, from 1883 to 1893, the number of riddles was reduced from 
fifteen to three, while in the same period the number of trommehs W'as increased 
from none to thirty-four.®* For coal screening, however, riddles are consider¬ 
ably used, and do excellent work. They are also considerably used in leaching 
plants and other places where the entire product is ground very fine. 

BlBLIOOHAPHY FOR StZlNO SCREENS. 

This will be found at the end of Chapter X. 






CHAPTER X. 

PEINCIPLES OF SCPEEN SIZING. 


Under this heading will bo discussed tho various considerations that affect 
the nunilier of sizes into which an ore should be screened, and that affect tho 
quality of the sized product. 

§ 285. SiKVE Scale.— The list of successive screen sizes used in any mill, 
taken in order from coarsest to finest, is called the sieve scale. Ilittingcr held 
that in such a set the diameter of tho holes in any screen mu.st bear some con¬ 
stant ratio to that of the one above it, thereby making the sieve scale a geo¬ 
metrical scries. lie adojitcd l.-Jl-l (::=: 4 / 2 ) for this ratio; and his sieve scale 
starts wit'll l-inni. hole, and ranges uji and down from that point. It is given 
in Table 194. For convenience in designating different classes of machines 
treating different sizes of ore, ho divided the sizes smaller than 61 mm. into 
five classes; lump ore (siufcn), 64-16 min. (2i-f inch) ; coarse jigging ore 
(graupen), 16-4 mm. (I-Arinch); fine jigging ore {grirs), 4-1 mm. (3*«-0,04 


TABLE 194.—lUTTINGEll’s SIEVE SCALE. 


Diameters. 

Areas, iC Holes 
aro Hijnare 

Volumes, if Par- i 
tides are CuGea. | 

Diameters. 

1 

Areas, if Hulos 
are Stjuare. 

Volumes, if Par- 
Ucles am (lutxfB. 

Mm 

Sq. Mm. 

Cn Mm. 

Mm. 

Bq. Mm. 

Cu Mm. 

&40 

4,f)9C 

262,144 

2 8 

8 

22.6 

45.2 

2,()4H 

92,Hr>8 

20 

4 

K.O 

82.0 

1,021 

32.?(« 

1 4 

2 

2.8 

22 0 

512 ■ 

n.m 

1.0 

1 

1 0 

10 0 

2r?a 

4,006 

0 71 

0,.5 

(..85 

11.8 

12K 

1,448 

0 m 

0.25 

0.125 

8.0 

C4 

512 

0.8.^ 

0.125 

0.(M4 

6 7 

82 

IHl 

0.25 

0.063 

0.016 

4.0 

10 

(A 





TABLE 195. —SIEVE SCALES IN AMEHICAN MILLS. 


Mill 

Nutnbor. 

Diameters of Holes, in Millimeters. 

Mill 

Nuiuher 

Diameters of Holes, in MUlimeters. 

10 

12.7. 


116.0, 9.0,5 0, 3.0. 

11 1 

25.4,1 0. 


I 2 . 5 . 

1.8 

12.7, 6.4. 

86 

12.7, 7.9, 5.1. 3.8. 

15 

12 4, 4.7. 2.9 

87 

i 25.4,12.7, 9.0. 6.0, 8.0. 

16 

20.0,10 0. 5 0, 2 0. 

’i 2.6,1.6. 

17 

15,0, 10.0. 7.0, 0, 3.5,8.0. 


188.1,22.2,9.5, 6.0,2.6. 

18 

8 0, 2.1,1.5,13. 

88 

■^2.6. 

20 

6.4, 3 0, 2.7,1.5. 


/22 2, 9.6. 6.0. 

21 1 

4.6. 3.5,1.2. 

89 1 

64.0, 88.1, 16.0, fi.5, 4.5. 

22 1 

12.0, 6.0, 8.0. 

40 ! 

) 20.0, 7.0, 4.6, 3.0. 

23 ! 

7 0, 5 0, 8.0. 

1 3.0. 

24 

10.0, 7.0, 5 0, 3.0. 


j 15.9,9.6,6.4, aa 

25 

6.0. 


1 3.2. 

26 

5 7. 3.6. 2.1. 1.5,0 9. 


16.4. 

27 

38 1, 25 4, 15.9, 12.7, 10.8. 8.8, 4.4, 2.8. 2.0. 


J 12.7, 6.4. 

28 

j 40.0, 25.0. 16 0, 12.0, 8.0, 5.0, 8.5, 2.0. 

1 8.5, 2.0. 


16.4. 

I 2 . 6 . 

29 

8.0, 6.0, 4.0, 3 0. 2.5. 


111 , 1 . 

80 

j 25.0,15.0,10.0, 7.0, 6.0, 8.0. 


1 8.0, 2.0. 

1 6.0,2.5. 

84 

25.4. 


j 18.0,15.0, 9.0, 6.0, 4.0. 

86 

6.0. 0.6, 8.0,1.26, 


12 5. 

J 12.0, 8.0, 6.0, 8.0. 

(a) 89 

(26.4. 

12.1. 


1 6.0, 2.0. 

(al02 

6.4, 2.2, 1 5, 0.94, 0.61,0.68, 0.86. 

88 

18.7,7.9, 6.1, 8 8. 

98 

0.0, 8.6, 2.0. 

84 

i 16.0,9.0, 7 0! 6.0, 8.0. 

18.0. 




" (a) Those are magnetic conoentrattng mills, and the screening Is done on dried ore. 
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TABLE 19G. —SIEVE SCALES IN FOREIGN MILLS. 


Mill. 

Diameters of Holes, in Millimeters, j 

Bilberau (a) . 

13.0, R.O, B.O, 3.0, 2.0, I.(), 0.3. 



( 32.0, 13.8,10.0, 7.5, 5.6, 4.2, 2.6, 

1 .6, 


1 1.0. 


Lautenthal {b) . 

■!6.4, 6.0, 4.2, 2.6, 1.6,1.0. 



12 .0. 1.0. 



(.2.0, 1.0, 0.6, 0.25. 


Clausthal (b). 

1 60.0, 82.0, 17.7, 13.8, 10.0, 7.5. 
■| 4 2, 8 5,2.0, 1.0. 

5 6, 

Schuleiiberff (b).... 

20.0, 1,') 0, 10 0, 0.4, 4.2, 2.6,1.0. 


SaDipaoD mine, at: 

j8()0. 20.0, 12.0, 6.0, 8.0, 1.0. 


St.Aodreaaburg.b' 

1 lO.O, 6 0, 3.0, 1.0. 



20.0, 1.H.0, 8.0, 5 0, 2.5. 


Ammeberg (c). 

j 6.0, 2.5, 2.0, 1.5, 1.25, 1.0. 
12.5.2 0,1.4,1.0. 



12.0, 1.4, 1.2, 1.0. 


Dornberg & Aurora 
Works, at liuint.- 

) 00 0, 20.0, 12.0, 9.C, 7.0, 5.5, 1.0, 

3.0, 

beck (d). 




Mill. 

Diameters of Holes, Id Millimeters. 

Vauoron (e). 

) 25.0, 4.0, 2 ft. 2.0, 1.4, 1.0. 
■< 5.5, 4.0, 2.8. 2.0, 1.4, 1.0. 



Friedrichasegeui /) 

1 50.0, 35 0, 80.0, 20.0, 12.0, 
1 8.0, 2 0, 1.0. 

8 .0, 

, B.0, 


130.0, 18.0, 10.0,5.00,8.0, 1.6 



Ems (/). 

J. 0.0, 4.0, 8.0, 2.0, 1.0. 



{1 .0,2.r>, 1.0. 



I-Aurenburg(/J... 1 

i;i5.0, 15.0, 3.0. 

- 8.0, 5.0, 3.0. 




( 16 0, H 0, 5.5, 4 0, 2 75, 2 0, 

I.B. 


Weiss (/). 

50 0, 30 0. 20, 15.0. 10.0, 6.0 

,3.0 

, 1.5. 

Mechernich (/).... 

150.0, 20 0, 6.2, 5 0. 

I 14.0, 10 0, 7.5, 3.0, 2.0. 



Jlimiiielfalirt Mill, 
Freiberg (y). 

-j 16 0, 12.0, 9.0, 7.0, 5.5, 4.0, 

3.0, 

2 .0. 

1 1 35 0, 28 0, 25 0, 22.0, 20.0, 18.0. 

15.0, 

Uleyberg (a). 

-{ 12 0. lot), 8.0, 7.0, 6.0, 

6 .0, 

4.0, 

( 3.0, 2.0. 




ia) Am Inst. Mm Eiig.,'Vo\. XXIV., {1H94). p. 92~. {bjUerg.u. HuftcnweBeJi dcs (;6erAarze«, (Stuttjfart, 
1H95AP 222 and followmj?. (c) Inst. Min. Eng., \al. XXIV., p. 492. (<Z) Bvrg. u. IJutt. Zeit, 

Vol. LIH., (1894), p 1C7. {e) Bull. Soc. hid. Afin., Semes 111., Vol. Vlll., (IKUl), p. r»27. {f} Ann. des Mines, 
Series VTIL, Vol. XX., Ub91;, p. 101 and following, {g) Berg. u. Hutt. Zeit., Vol. L., (IH91;, p. 229. 


inch) ; coarse table ore (mehl), 1-0.S5 mm. (0.0-1-0.01 inch) ; and fine table 
ore (staub), finer than 0.a5 mm. 

The sieve scales found by the aulhor in the mills are given in Table 195. 
There is but one null (;ja) that has a constant ratio or geometrical series. 
There are several others (10, 17, 33 and 30) that aiiproximate to geometrical 
series. Mills <13 and 31 have arithmetical series. The practice' In regard to 
sieve scales in some of the Euroja'an mills has been colk'cted from tlic literature 
and is givi'u in Tal)le 19(i, for com))arisoji. Of tbc.se mills, Lantcnthal has one 
set of screens with a constant ratio of 2. Vaucron, if we omit the aS-mm. 
screen, has two sets with the ratio of 1.11. At Clausthal, in a .set of eleven 
screens tlic ratio of 1.33 occurs five times in sucecs.sion. In the other mills 
the ratios are irregular. It will be seen therefore, that neither in America nor 
in Europe do constant ratios find favor as a rule. 

Shiyle or Mullipla Ratio f —There arc many reasons why a single ratio run¬ 
ning through the whole sieve scale may not be advisable. The scale may be 
divided, having an upper portion with one ratio, a lower with another. Prac¬ 
tically, the sieve scale is developed by the c.xigeneies of the mill, the ratio 
increased or decreased between any two screens where the particular work seems 
to demand it. This change can be easily made when a screen wears out and 
is changed. The ratio to be adopted depends mainly upon the specific gravities 
of the grains—in a general way the greater the dilfcrencc in specific gravity be¬ 
tween the values and the waste the greater may be the ratio between the diame¬ 
ters of holes in succrs.sive screens. This is true because the case of the sub.se- 
quent separation increases with the dillerence in sjiecific gravity. Certain 
other considcation-s, however, modify the ratio, as follows: 

(a) The difficulty of the subsequent separation increases with the difference 
in the sizes of grains treated together, that is to say, with an increased ratio. 
(6) A product which consists mainly of cubes or compact forms, can have a 
larger ratio than one which has a large per cent, of flat scalp.s and elongated 
grains mixed with compact forms, (c) If the minerals arc near each other 
ill specific gravity or if the ore breaks so as to gi’ c a considerable proportion 
of included grains, with intermediate specific gravity, then close sizing (that 
is, a small ratio) will generally give cleaner products on the jigs following; 
but if the minerals are in a coarsely crystallized condition, tending to make 
but little in the way of included grains, a larger ratio may be used than if the 











368 


OSS DSEBBINa. 


§ 386 

crystals are fine, {d) Where such a large quantity of material comes on to 
any screen as to require an increase of the number of screens treating that size, 
and more than one concentrating inachimi to treat the product, it may be better 
to diminish the ratio, using two successive scretms with different sizes of holes, 
rather than to use two screens side hy side with tlie same size of hole. 'I'he 
advantage of a closer sizing will thus be obtained. There may also be cases 
whii*re it will be ])erfeetly safe to increase the ratio in order to get the desired 
quantity of ore for some following machine. The arithmetical series in Mill 
34 was found to send too much material to some of the jigs, and too little to 
others; the ratio was therefore changed two or three times to correct this diffi¬ 
culty, but the author docs not know what scale was finally adopted.* (e) 
The increase in slimes and mineral loss, due to too much screening, may be 
more harmful than the imperfect work due to too large a ratio. This would 
point to the use of a largo ratio. Mill 27 has been troubled by the sliming 
due to the large nundx'r of screens used, and the siqx'rintendent e.xpecls to 
make a largo saving by reducing the number of screen-sized products from 
eight to three or five. (/) The portion of the sieve scale devoted tb hand 
picking generally has a large ratio; but it .is not well to have this ratio too 
large, for the eye and mind cannot deal as well with 1-inch jjieees and 3-inch 
pieces together as with either taken separately, {g) If the ore is so friable 
and tender as to require careful, graded crushing, the upper part of the sieve 
scale will need a smaller ratio than if such graded crushing is not necessary. 
{h) The tailings from the coarse jigs may be so rich that it is necessary to 
re-ernsh and re-wash them, in which case the ratio of sizes fed to these coarse 
jigs may bo large, because the quality of the tailings does not require close 
attention; while, on the other hand, the tailings from the fine jigs, being waste, 
will require closer attention, and therefore a smaller ratio may be advisable. 

To sum up the matter, it seems clear that there are four regions of the sieve 
scale, each one of which, from considerations of its own, may lu'ed a greater or 
loss ratio between its screens. They arc: (1) The hand picking region; (2) 
The graded crushing region; (3) The coarse jigging region; (4) The fine 
jigging region. The second may cover the same ground as a part or the whole 
of the first and third regions. 

§ 286. The Limits of the Sieve Scale. —The size of hole used in the 
coarsest trommel will be determined by considerations of graded crushing and 
of hand picking. The size of hole in the finest trommel, down to which screen¬ 
ing shall take place, and beyond which the preliminary separation shall be 
made by hydraulic classifier, will be decided by three main considerations; (1) 
The hydraulie classifier can be run much more cheaply than the last one or 
two trommels; (2) On the other hand, the tailings of the jigs treating classi¬ 
fier products are much richer than those of jigs treating sized products; (3) 
The finer the screening is carried (that is, the later the hydraulic classifica¬ 
tion begins) the denser will be the fine pulp sent to slime tables, because 
there will be fewer hydraulic classifiers, which are great diluters of the pulp. 
This is a distinct advantage for slime table work. The first of these considera¬ 
tions is an argument against fine screening, but the other two favor it. Each 
mill manager must decide whether fine screening or coarse classification is 
better for his particular case. In this connection, it is debatable whether the 
more common European limit of 1- to LS-mm. holes for the finest screen is not 
better than the more common American limit of 2 to 3 mm. 

The following figures show the coarsest and finest holes used in the American 

* It should be noted that the proportion of ore passing through the holes of a given screen will Inrronn M 
tiie boles an enlarged by wear. This is illustrated by aome of the tests from Mill 88, given in 1898. 
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mills: Of 108 punched plate screens, the coarsest has 40-mm. holes, the finest, 
1.25 mm.; of -1 cast-iron screens, the coarsest has 54-mm. hole.s, the finest, 
25.4 null.; of -13 wire cloth screens, tlie coarsest steel screen has 25.4-mm. holes, 
the finest, 0.5 nmi., and the coarsest brass cloth screen has G.4-inm holes, the 
finest, 0.25 mm. In Mill 21 a 21-me6h trommel has been discarded, leaving 
1.2 mm. {12-me.sh) as the finest screen. In Mill 18, where the finest screen 
has 1.3-niin. holes, two smaller sizes were tried and discarded. Linkenbach 
recommends 1.5 mm. as tlie limit of fine screening, everything finer being 
sent to hydraulic classifiers. Heberle practically coincides in this judgment, 
holding 1.4 mm. to be the limit of sathst'actory .sereening.'* 

§ 287. Siiaj’h anj) AiUiANOEMKNx OF Holes.— The practice is almost uni¬ 
versal in this country to use round holes in punched plate, and approximately 
square holes in wire iloth screens. The round holes of plate screens have the 
advantage that they give the moat even product; the square holes of cloth and 
long boles of plate or cloth allow greater variation in the section of the maxi¬ 
mum grain. Cloth screens give a greater percenlage of opening and, therefore, 
of capacity than j)unched plate, Thomas A. Edison points out that the tra¬ 
jectory of a moving particle reejuires a hole to be lengthened in the direction 
of the path of the particle in order that the grain of maximum size may pass 
through the hole. Holes in rows making 60“ with each other (“staggered”) 
give greater area of di.scharge than those with 90“ (see Figs. 119 and 120). 
All of the punched plate screens recorded by the author are laid out on the 
00“ plan. 

g 288. The rEUCENTAnE of Ofeninq is the ratio of the not area of the 
holes to tlio whole anvi of the screening surface. It depends upon the arrange¬ 
ment of the hob's !n:d the amount of space left between them. It is obvious 
that the greater the percentage of opening, the more rapid and the more perfect 
will be the screening. The j)ractical limit is reached when the strength of the 
screen is too much reduced. The thicker metal used for coarse screens allows 
a larger percenlage of opening to be used than in fine sercens (see 'Fables 197, 
198 and 199). 'Fho percentage of opening for round holes with different arrange¬ 
ments and spaces is as follows; If the sjiaee equals half the diameter of the 
hole the percentage of opening is 40.3%- with the 00° arrangement, and 34.9% 
with the 90° arriUgement; but if the space equals the diameter of the hole the 
percentages of opening are respectively 22.0% and 19.0%. Harrington & 
King’.s standard list of plate screens with round punched holes is given in Table 
197, which shows also the .spai-e between the holes and the net percentage of 
opening. 


TABLE 197.— SIZES OF HOUND PUNCHED HOLES IN PLATE SCIIKENS, AS MADE BY 

HARBINdTON & KING. 


Diameter of 
Holes 

Sjiaces !«‘twe^u 
Holes, (a) 

Pereenta}<o of 
Oponin;;. 

Diameter of 
Holes. 

Spaces between 
Holes, (a) 

Pero«*ntasre of 

1 Opeuinjf. 

MnL 

Mm. 

6 

Min. 

Mm. 

% 

1 

l..« 

n 

12.5 

8.65 

20 

1.5 

! I.8« 

13 

15 

7.23 

28 

2 

1.97 

15 

20 

8..58 

80 

2.6 

2.30 

17 

25 

18.10 

20 

3 

8 86 

18 

SO 

8.10 

87 

4 

2.85 

24 

40 

18.98 

43 

5 

2.94 

24 




6 

3.63 

24 

Inches. 

Inches. 


7 

4 11 

21 

1.76 

0.625 

33 

7.5 

5 20 

22 

2.00 

0.625 

85 

9 

4.70 1 

24 

2.25 

0,7.50 

84 

■1 

6.29 1 

19 

2.60 

0.750 

86 

2 

6.29 

24 

2.75 

0.750 

87 

to 

4.29 

SO 

s.oo 

0.750 

89 


(It) Tbe bolea are arranged ia equilateral triangles In all cases 
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The following is a partial list of Harrington & King’s elongated punched 
holes: 


Dimensions of 

St>ace between 

holes. 

Holes. 

Inches. 

Incbea 




k 

6x8 

1 


In this list, the sizes between the first and second, and those between the second 
and third, are graded from one to the other. Those holes are arranged in 
either of three different ways. The dimensions L., W. and S., indicated in 
Fig. 229, are the length, width and space in the above list. 





FIG. aSO.—ELONGATED PUNCHED SCUKISN HOLES. 


Table 198 is a partial list of the double crimped wire screens carried in stock 
by the W. S. Tyler (lo. This table illustrates the disadvantage of designating 


TAMLE l!t8.—TYLEn DOUBLE OKIMPED WIRE SCREENS.* 


Meshea per I 
Linear inch.l 

« Iron or Steel. 

Copper or Brass. 

Kanfres in 
Diatnater of 
Wire. 

Ranges in Width of Holes. 

Hauges 
in per¬ 
centage 
of Open- 
Ing. 

Ranges In 
Diameter of 
Wire. 

Ranges in Width of 
Holes. 

Ranges 
in i)er* 
centage 
of Open¬ 
ing. 



Inches. 

Mm. 

% 

Inches. 

Inches. 

Min. 

% 


1.0-0.375 

4 

101.6 

64-84 

























1 


88-74 






















...» 









2 

0.192-0.047 

0.308-0.453 

10 6-14.6 

88-82 

0.162-0.047 

0.838-0.453 

8.6^11.5 

46-82 

8 

0.13!v-0.036 

0.19H-0.298 

6.03-7.67 

86-80 

0.13r>-0.035 

0.198-0.298 

.5.03-7.57 

86-80 


0.180-0.028 

0.130-0.222 

S.30-5.64 

27-79 

0.120-0.0:12 

0.130-0.218 

3.30-5.51 

27-r<} 


O.OHO-0.080 

0.087-0.147 

2.21-«.73 

27-78 

0.080-0.025 

O.OH7-0.142 

2.21-3.61 

27-73 

6 

O.OflS-0.017 

0 062-0.108 

1.67-2.74 

25-7B 

O.OGS-0.020 

0.062-0.105 

1.67-2.67 

86-71 


0.047-0.015 

0.053-0.085 

1.85-2.16 

28-72 

0.054-0.018 

O.M6-O.OH2 

1.17-2.08 

21-07 

1? 

U.041-0.014 

0.042-0.009 

1.07-1.75 

25-89 

0.047-0.017 

0.036-0.006 

0.91-1.68 

19-83 

16 

0.038-0.0095 

0.031-0.053 

0.77-1 86 

26-72 

0.035-0.0185 

0.0276-0.049 

0.70-1.24 

19-01 

80 

0.026-0.009 

0.026-0.041 

0.64-1.04 

26-67 

0.02.V0.0095 

0.025-O.W05 

O.M-1.08 

25-06 



0.017-0.Cl« 

0.44-0.62 

26-62 

0.017-0.008 

0.016.3-0.0952 

0.41-0.64 

24-58 

60 

0.010-0.008 

0.010-0.019 

0.26-0.80 

26-36 

0.011-0.008 

0.00i»-0 012 

0.22-0.80 

20-86 

80 

0.00725-0.007 

0.CKB2^1.0055 

0.182-0.140 

17-19 

0.00625 

0.00625 

0.159 

26 






0.0045 

0.0055 

0.140 

80 











* For the l-meeh iicreeiiB there are 18 eizen of holes between the Hmita indicated in the table. This number 
decreases for the finer ecreena, until for 80 meab tlh^ are but tvrusUep of holes for steel uiid but one for brass. 














s 289 


'' pm3mp£<s8%p^sm 


screens by the number of meshes per linear inch. With the actual commercial 
sizes, an 8-mesh screen may have holes 24%; wider than a 6-mesh, on account of 
different sizes of wire used, although if the proportional sizes of wire are used 
the 6-niesli hole is 25% wider than the 8 mesh. 

The practice in the mills is given in Table 199, which is summarized from 
Table 188. The instances of very low percentages of opening may be either 
bad practice or they may be caused by some local difficulty to be overcome, such 
as very hard cutting rock or very acid water. In general this table sustains 
the claim that wire cloth screens have a greater percentage of opening than 
punclied plate. 

§ 289. The Thickness of the Plate or Wire. —In deciding this there 
are five main consideiations: (1) The maintenance of the diameter of the hole. 
Tile enlargement of the hole per ton of ore screened will bo the same whether 
the metal is thick or tliin, but the thinner metal will be discarded sooner, and 
beiu-e llic change in diameter of hole will k- less than with the thicker metal; 

(3) The life will inorcaac with the thickness of the. metal up to the limit of en¬ 
largement of hole that can be permitted ; (.I) The running cost consists of the 
first cost and the cost of changing scrcims, and is modified by the life of the 
screen. These two co.sts have opposite idfects: the thick scree.n costs more at 
start, but is changi'd less ofttm; the thin costs loss, but is changed more often; 

(4) The hUnduuj of the. hole. There can be no donld tliat blinding of the hole 
is more apt to take place in a thick than in a thin screen; and further, when 


TABLE 199.— VARIATIONS IN THE PEROENTAGE OF OPENING IN THE MILL 

SCREENS. 


Dlamet^frs 
of HoIck. 

Houn<1 Holes In 
Tunched Plato. 

Square Holes in 
wire ('loth. 

Diameters 
of Holes. 

Round Holes in 
Punched Plate. 

Sqiiare Holes in 
wire Cloth. 


PerceutUKo of 

Percentage of 


Percentage of 

Percentage of 

O.Q 

0|)eniUK 

Opeuiug. 

8.8 

Openiuir. 

S9-S9 

Opening. 

1.8 


33 




1.8 


27 

9.0 



l.G 


22-29 22-23 

0 5 



S.O 

16-10-23-28-28-35 


10 0 



9.1 


25-25 

10.3 

47 


2.5 

i4-25-25 


11.1 



2 7 


28 

12 0 



S.B 

28 


12.7 



S.O 

20-20-20-20 2'--31 


15.0 

82-41-41 


8.6 

22-22-80-82 

47 

1.5 9 

36-86 


8.0 


82-82-32 

1C 0 

36 47-47 


4.4 



10.1 

8 


4.6 

29<2d 


20.0 



4.6 


40 

22.2 



4.8 

IS 


25 0 

39-44 


6.0 

18-18-86-S6-3G-38-36-4() 


25.4 

11-40 


6.7 


45 

31.8 

35 


6.0 

38-39-89 


3H 1 

45 50-450-60 


6.4 


39-89 

40.0 

48 


7.0 

16-10^^6 


54.0 

60 


6.0 

84 






the flare of a punched hole is worn to a rounded shape, this effect will be in¬ 
creased. Cloth screens blind up more easily than plate; (5) The percentage of 
opening. In punched plate screens with large holes the percentage of opening 
may be made large by using thicker plate and leaving smaller spaces between 
the holes, which will maintain the necessary strength in the parting bars. In 
screens with small holes, other conditions exist which have precisely the oppo¬ 
site effect, namely, the plate is apt to be as thick as the hole is wide, and any 
attempt to thicken the plate further will necessitate placing the holes farther 
apart to avoid tearing the plate in punching, and this would decrease the per- 
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• centage of opening. With cloth screens increased percentage of opening re¬ 
quires thinner wire, whatever the net size of hole. • xi.. i 

Table 200, which is a summary of Table 187, shows the variations in thick¬ 
ness of metal for different sized holes, as found in the mills. Tables 198 and 
201 show manufacturers’ figures. An inspection of tlie.se table.s shows that wito 
plate the metal for fine screens is about oiie-half to thn'e-fmirths as thick as the 
diameter of tke holes, and for coarse scretnis about one-fourili io one-tlnrd as 
thick; with cloth the metal ha.s to be soincwliat tliickci’ than with jilatc, especially 
for fine screens. 


TABLE 200.— EELATION OF THICKNE.SS OF PLATE.9 AND WlltlCS TO nlAMlITliRS OF 



HOLES 

AS FOUND IN THE MILLS. 

Diameter 
of Hole. , 

Tliickuesfl of Plato. 

Diameter of ; 
Wire j 

Diameter 
of Hole i 

Thicknestj of Platt*. 

Mm. 

0.9 L 
1 fl . 

Min. 

Um. i 

0.9 

Min. 

7 0 

Mm 

1 2 12.4-1.8-4.8 


0.9 1 

8.0 

4 2 

i.2f> i 

1.5 \ 

0.9 

8.8 

3.4-3.4 

1.2 { 

8.5 

5 2 

. 

1.7-1.7-1.7-1 7 ! 

9 0 

4.2-4 8 4.8 

1.2-1.2-1.4-1.7-1.74.7 j 

. 1 

9 5 

5.0-5 0 

2'.l 1 

2.1-2.1 

! 10 0 

2.8-2.9-2.8-2.8-6.4 


10.3 

4.2 


i.a-i .7-2.1 


11.1 

4.8 


2.4 

12.0 

4 2^.6 


2.i-2.B-2.8 

1.7- 2.1-2 1-2.1-2.1-2.B 

1.7- 2.4-2.4 


12.4 

4.2 



12 7 

4 2-4 2-G.4 

8 0 

8.6 

1.6 

2.0-2.8-2,B 

15.0 

15.9 

3 4-7 5 8.0 

6 4-6 4 



10.0 

4.0-4 0-6.6 


8 0-3.4 


20.0 

8.4-12 7 

4.6 

2 7 

22 S 

8 n 8.0 



25.0 

5.2 9.5 

6.0 

6.7 

L7-I.1-2 8-2.8-a 4-3.4-.'i.4-a.4 

2.B 

' 25.4 
81.8 
S8.1 

6.4-C.4-6.4 

12 7 

6 4 



8.8-S 8 

; 40.0 

6.2 







1 

______— 


i'ljimi'tpr of 
( Win*. 


TABLE 201.— liKLATION OF THICKNESS OF PLATE TO DIAMETUH OF HOLES IN 
PUNCHED SCHRF.NS AS QUOTED._ _ 


Diameter of 
Hole. 

! Thickness of Plate. [ 

Diameter of 
Hole. 

’rhi«‘Uni*ss of Plate. 

Rittinger. (a) 

Fra.‘»er & Chal¬ 
mers. (6) 

i Uittinger. (aj 

I Fras(‘r & Chal- 
l merH (f>) 

Mm. 

Mm. 

Mm. 

Mm. 

Mm 
i 2 GO 

.Mm. 


O.M 


H.O 


4.750 


0.75 

0.559 

15 0 


G 350 

1.26 


0.889 

16.0 

2.75 


1.4 1 

1.00 


22.0 


0.3iiU 

1.5 


1.245 

25 0 


0.3.',0 

4.0 

1.75 

2.7G9 

25.4 


7.925 

5.5 


8.404 





(a) “Aufbiircitunj;sk,inJ(!,” page 225. He give- these flenres as good practice m 1850, (6) Catalogue ho. 
7, p. 7. These are the maximum advisable tiiiek&es^es in 1900. 


§ 290. Difficulties of Screening. —The ideal condition for screening would 
be to have the ore spread over the screen so that no two grains ever touched 
each other, but of course this cannot bo attained in practice. The more crowd¬ 
ing there is the harder it is for a grain that belongs in the undersize to pass 
through the holes. Of two similar screens receiving the same quantity of ore, 
the crowding and the difficulty of screening will be greater in the one where 
the feed contains the larger percentage of oversize. Another important de¬ 
ment lies in the percentage of grains that are of about the diameter of the 
screen holes. The difficulty of screening increases with this percentage, both 
because the undersize grains of this class are apt to go into the oversize, and 
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because grains of this class tend to blind the screen holes and so prevent l^e', 
finer material passing through. 

The reasons that fine screening is more difficult than coarse are that the feed 
to fine screens contains a much larger percentage of oversize and also a much 
larger percentage of grains that are about the size of the screen holes. Jarring 
is sometimes used to prevent blinding; for example, the No. 1 trommel in Mill 
18 has three strap-iron bands to which cams arc attached. The cams on each 
strap raise a pivoted hammer which falls by gravity and clears the screen. 
There are four cams in the first set, with lifts of inches; and five cams in 
each of the other sets, with lifts of 3 and inches respectively. Kach ham¬ 
mer weighs 7 pounds. 

At Mill 40, tailings from jigs whose feed had been through 3-mm. round 
holes and from jigs whose feed had been tlirough 2.5-mm. round holes (the 
finest portions having been removed by classifiers before going to the, jigs) 
were .sent to a trommel with 1-mm. round holes, 'riu; screen soon blinded, and 
all efforts to keep tlie holes clear, either by water jets or by automatic jarring, 
proved inipracLicablo. The cau.se of the trouble probably was that the feed con- 
taine<l a very large percentage of graiu.s of nearly the same diameter as the holes. 

'I'he removal of slimes by classifiers ])reviou.s to the finest screen .sizing is 
.sometimes practiced in order to j)rcvciit them from going into the oversize. 
For example, at Ainmeberg, Sweden, ore that has been through 2.5-mm. screen 
holes is freed from slimc.s in a hydraulic classifier before going io a trommel 
having 1, 1.35, 1.5 and 3 inni. holes.* At Claustlial llic ore tliroiigli 1.3-11™. 
screen holes goes to a box classifier, the spigot of which is further screened 
on 3.5, 3 and 1 niin. screems.f 

In regard to the blinding of fine screens, it should be said that a flaring hole 
with the narrow ])iirt upward blinds loss than a cylindrical liole; that a thin 
plate screen blinds le.ss than a tliick one; a slotted hole blinds ](‘ss tliiiii a round 
one; iinJ, finally, a screen immersed in two or three inclie.s of water blinds less 
than one That is simjily sprayed witli waler. lOdisoii hii,s foiiiid (.see United 
Slates Pah lit (il8,!)31. dated May 8, ItKIO). that in dry sen'ening llie clogging 
of line screens ciin be preiented liy passing a large (iiiantity of eoarse material 
over the .sereen with the fine. On his inclined slotted sereens with slots 0.004 
inch wide aboiii i)0% of the whole load should be coarse, the largest jiarticles 
being preferably about J-incIi diameter. Willi ().00!)-iiieh slots, 70^ should be 
coar.s('; and with ti.0I3-inch slots, 03% should be course. 

For special dillieulties with trommels see § 393. 


Tllli AcTIOK op TliO.MMEr,S. 

In order to fully understand the operation of troinmcLs, we will now consider 
the relations of their slope, diameter and speed of revolution. 

§391. Effect of t.ENTRiFUOAL Force. — The increa.se in centrifugal force 
as the speed of revolution increases, and the effect of this increase, may be 
shown as follows: 

In Fig. 330 let 

«j=weight of an ore particle. 
c=ceiiLrifugal force. 

/^natural angle of friction=ang]e between a horizontal and the 
tangent to the circle at the point '-here the ore slides, with 
gravity acting alone. 

* i=increase of f due to c. 


• Am. In$t. iiin. Eng., Vol. XXIV,, p 498 

t Berg. u. Hutientoeien det Oberkanet^ (Stuttgart, 1896), p. 888. 


ORE DBBBBINS. 


m 

v=peripheral velocity of the trommel in feet per second. 
r=:radius of the trommel in feet. 
o=accoleratioii due to gravity=32.16 feet per second. 
s=sliding angle due to g aud c coinbincdj which, from the similarity 
of triangles, is equal to f+t. 

Now since the sides of a triangle are proportional to the sines of their oppo¬ 
site angles. 


l=i^or- sin/=sin i; and substituting, in this formula, the value for 
w sin f w 


centrifugal force, c- 


wv' , , _ 

;—, we get - — sin f ■ 
yr ' ^ wyr ^ 


: sin i, which by cancellation, 


gives the required formula, — sin/=siii i, which shows the increase in the 

angle of friction due to centrifugal force. Table 202 lias been calculated by 
the use of this formula, assuming that f=35°. When the sliding angle is 
90° greater than the angle of friction due to gravity alone (90 +3o -I--.. 
a particle of ore will be carried completely around the trommel. 


TABLE 202.— INCREASE IN THE ANGLE OF FRICTION, DUE TO THE CENTRIFUGAL 
FORCE OF A,TROMMEL, ASSUMING 35° AS THE ANGLE OF FRICTION 
WHEN TJIEUE IS NO CliNXUIFI10A.E FOUCE. 


1 

Tronunel 80 InchBS 
Diameter. 

Trommel 80 Inches 
Diameter. 

Trommel 48 Inches 
DionuJUjr. 

Trommel 72 Inches 
Diameter. 

I'rouimel 96 
Dlam(>t 

Indies 

*r. 

Revolutions 

Minute. 

Centrif¬ 
ugal Force 
Divided by 
Force of 
Gravity. 

Sliding 

Angle. 

Contrlf* 
ngal Force 
Divided by 
Force of 
Gravity. 

Sliding 

Anglo. 

Centrif- 
ngal Force 
Divided by 
Forets of 
Gravity. 

Sliding 

Angle 

Centrif- 
igal Force 
Divided by 
Force of 
Gravity. 

Sliding 

Angle. 

Centrif¬ 
ugal Force 
Divided bj 
Force* of 
Gravity. 

Sliding 

Angle, 

8 

10 

u 

16 

16 

17 

18 

Id 

ao 

35 

o.us 

0.04 

0.06 

0.10 

o.n 

0.19 

0.14 

0.16 

0.17 

0.37 

S5«54' 
36'‘24' 
ST" y 
88* 9 
88*35' 
39* 8' 
39*33' 
40* 4 
40*37' 

, 43*47' 

0.03 

0.05 

0.07 

0.12 

0.13 

0.15 

0.17 

0.18 

0.20 

0.32 

86* 6' 
80*4F 
87*36' 
88*47' 
80*18' 
80*52' 
40*37' 
41“0.V 
41*44' 
46*34' 

0 01 

0.07 

0.10 

0 15 

0.17 

0.20 

0 22 

0.25 

0.27 

0.43 

80"26' 
87-16' 
88*14' 
40" 3' 
40*46 
41*29' 
42*17' 
4J"07' 
44* 0' 
49“0»' 

0.07 

0.10 

0.16 

0.23 

0.20 

0.30 

0.33 

0.37 

0.41 

0.04 

. 

87*09' 

38-22' 

89*61' 

42*35' 

43*38' 

44-4C' 

45*57' 

47*14' 

4fi*:54' 

56*31' 

0 09 

0.14 

0.20 

0.31 

0.3Q 

0.89 

0.44 

0.49 

0 5.5 

0.H5 

1.00 

87*.’18' 

‘89*39' 

4)*2H' 

45*08' 
46*38' 
48*04' 
49*41' 
61*24' 
58*14' 
64*16' 
70* 0' 

80.0 

0.88 

47°43' 

0.40 

50*19' 

0.61 

65*37' 

0.92 

66*52' 
70* 0' 



81.8 






....... 


1.43 

90* 0' 

83.4 









1.74 

126* O' 

85.8 







1.43 

90* 0' 



87.4 

88.3 

40.0 

41.8 

O.CS 

M* 2' 

6.83 

’‘62*59' 

1.00 

1.09 

70* 0' 
73*45' 

1.64 

1.74 

104*51' 
125“ 0' 



44.9 

45.8 



i.oo 


i.48 

90* 0' 





48.4' 

S0.6 

1.00 

71)* 0' 



1.74 

125* O' 




........ 

68.6 



1.43 

90* O' 







67.9 

1.43 

90* 0' 


1S5* 0' 







68.4 

64.0 

1.74 

125* 0' 

1,74 








Fig. 231 shows graphically, for a 36-inch trommel, the rapid increase of 
centrifugal force due to increase of revolutions; and also the different heigtits 
to which the oro will he carried, W, C and R represent the magnitude respec¬ 
tively of the force of gravity (weight), the centrifugal force and the resultant 
force; and also their respective directions. 

8 292. Rate of Travel of the Ore. —The rate at which ore passes tnrougn 
a trommel depends on the slope of the trommel and the speed of revolution. As 
the tr-;anmel revolves, the ore fragment is carried upward to a point where the 
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PBisoiPLes air mtim &aim. 




line of steepest declivity makes an angle with a horizontal plane equal to the 
angle of friction of the ore. 

The pitch angle of the helical path that a free particle of ore will follow over 
the surface of the trommel, may be calculated as follows: In Pig. 232 let the 
angle s between the plane P, and the horizontal plane be the angle at which 



FIG. 230. fig. 231.— CENTItlFPOAL FOnCF IN A 3G-INCII 

thomm isi.. 

M'-weiKht of C'-oentrifugal force, 
ore iMirticles. resultant. 



y 

FIG. 232. 


the ore slides. lict the line (i be a line of steepcs+ declivity in the plane P. 
Tvet the line e represent an element of the cylindrical surface of a trommel. 
Let < be a tangent to the cylinder in a plane of revolution of the trommel, and 
in the plane P. Let h be the distance from the point a on the trommel to the 
horizontal plane. The angle x, then, is the slope angle of the trommel, and 
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the angle p between d and t is the pitch angle, and is the same as the angle 
between e and y. Then: 


h 


bcnco d = 


_ 

sin s 


h . , h 

- = 8in X, hence e=:-.—— 
e sm X. 


Hence, sin p—~ — 


_h _ 

sin s sin x 
h ~ sin 3 
sin X 


which gives the value of the required pitch angle. If the axis of a cylindrical 
trommel is horizontal, the pitch angle is 0° and the ore will not move in an 
axial direction. If the slope of the axis is the same as the angle at which the 
ore slides, the pitch angle is 90° ami the ore will pass out of the trommel along 
an element of the cylinder when the trommel is still. 

Tables 20;io and 203i give the rotations made, and also the helical distances . 
traveled by an ore particle to get thnmgh a trommel under varying condi¬ 
tions of diameter, slope, revolution and length, as computed from the formula 

Bin/)= ’* ■ and from simple equations depending on this formula. 


TABLE 203a. —ROTATIONS OF TROMMELS TO DELIVER A GRAIN OF OVERSIZE, AND 
THE HELICAL DISTANCE TRAVELED BY THE GRAIN. 

Abbrevlations.—Dcg.sclegreeB; In siaches. 


Trommel 30 Incihffi Diameter. 




16 Revolutions a Minute. 
Sliding Angle, 35'. 

18 Revolution-^ a Minute. 
Sliding Angle, 80* 33'. 

20 KevoUitions a Minute. 
Sliding Angle, 40* 87'. 


Slope of 
Trommel 

Pitch 

.\ngle. 

Rotations to 
Deliver a 
Grain of 
Qversizt* 
v^henLength 
of Trommel 
is 

Helical Dis¬ 
tance Trav 
elod by a 
Grain when 
Length of 
Tronimel 
is 

Pitch 

Angle. 

Rotations to 
Deliver a 
Grain of 
Oversize 
whenljcngth 
of Trommel 
is 

Helical Dis¬ 
tance Trav¬ 
eled by a 
Grain when 
Length of 
Trommel 
is 

Pitch 

Angle. 

Rotations to 
Deliver a 
Grain of 
Oversizo 
whenliengtb 
of Trommel 
is 

Helical Dis¬ 
tance Trav¬ 
eled by a 
Grainwhen 
Ijength of 
Trommel 
is 

Deg. 

lD.per 

Foot 



72 Id 


72 Id. 


60 In 

n In 

fin In. 

72 In. 


60 In|72 In. 

13 

72In. 



3®12' 

11 so 

18.63 

fliiJrM 

In. 

1.280 


11.60 

18.92 

In. 

1,005 

In. 

1,814 

8*04' 

n.Sel 14.23 

In. 

1,119 

In. 

1,848 

2«30' 

U-4- 

4*01' 

9 OS 


858 

in^i 

3“.56' 

9.27 

11.13 

87fi 

1,051 

3*51' 

9 48 11.88 


1,074 

8*30' 


5® 37' 

6.47 

7.77 

013 

73.5 

5*30' 

6.61 

7.08 

626 

751 

5*28' 

8.76 8.11 

640 

708 

6 * 

1 + 

8 * 02 ' 

4.51 

5.41 

420 

515 

7*62' 

4.61 

5.58 

438 

526 

7*42' 

4.71 6.66 

448 


70 


11®16' 

8 20 

3.85] 

307 

36H 

11 * 02 ' 

8.27 

8.92 

314 

876 

10*47' 

8.81 4.01 

821 

8H5 

mo' 

15*21' 

2 .;« 

2.78 

227 

272 

15*01' 

2.37 

2.85 

232 

278 

14*41' 

2.4.3 2.91 

287 

284 

14® 

S 

22*4^ 

1.51 

1 82 

155 

IHO 

22 * 20 ' 

1.56 

1 66 

158 

189 

21*49' 

1.59 1.91 

■i 

194 


Trommel 86 Inches Diameter. 



16 Revolutions 
HUdmg Angle, 

a Minute. 

89® in'. 

16 Revolutions a Minute. 
Sliding Angle, 40* 27'. 

20 Revolutions a Minute. 
Sliding Angle, 41® 44'. 

8 ® 

%\ 

8*09' 

9.64 

11..66 

BB 


3,05’ 

9.85 

11.82 

1,116 

1,838 

8 * O' 


12.15 

1,144 

1,878 

2 ® 8 (y 


8*57' 


9» 

871 

1,04.5 

8*51' 

7.87 

9.46 

N92 

iRia 

a®46 

6.09 


916 


8*80' 

34— 

6*82' 

5.48 

0.67 

628 

747 

5*21' 

5.61 

6.74 

6:18 

765 

5*16' 

5.76 

6.91 

654 

785 

5® 

1 + 

7*55' 

8.82 

4.,58. 

486 

528 

r*43' 

8.91 

4.70 

447 


7*81' 

4.02 

4.62 

458 

550 

7® 


11*06' 

2.71 

8 . 2 & 

811 

374 

10332 

2,77 

3.83 

819 

388 

10*38' 

2.A5 

3.42 

828 

898 

9"80' 

8 

RIsTiS 

1.97 

2.88 

230 

276 

14*44' 

VMtym 

2.42 

236 

288 

14®2t' 

2.07 

2.49 

242 

290 

14® 

> 

98®187' 

1.28 

1.54 

167 

169 

21 'M' 

1.82 

1.68 

161 

198 

21*19' 

1.36 

1.68 

165 

IW 
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TABLE 2036.— ROTATIONS OF TROMMELS TO DELIVER A GRAIN OF OVERSIZE, AND 
TUE HELICAL DISTANCE TRAVELED BY THE GRAIN. 


Trommel 48 Inches Diameter. 


Slope of 
Trommel 

16 Revolutions a Minute. Sliding Angle, 40® 8 '. 

117 Revolutions a Minute. Sliding Angle, 41® 20' 

Pitch 

Augle. 

Rotations to Deliver 
a Gram of Oversize 
when Lengtli of 
Trommel is 

Helical Distance 
Traveleti by a Grain 
when Length is 


BHi 

Helical Distance 
Traveled by a Grain 
when length is 

Degrees 

60 In. 

72 In. 

60 In. 

72 In. 

60 In. 

73 In. 

60 In. 

72 In. 

2 ® 0 ' 

8“07' 

7.32 

8.70 

1,106 

1,328 

3®01' 

7.54 

9.05 

1,189 

1,366 

2“80' 

8°S3' 

6.85 

7.03 

685 

1,062 

3®47' 

6.08 

7.28 

911 

1,098 

8“30' 


4.18 

6.01 

633 

758 

6®17' 

4.80 

6.18 

651 

781 

fi® 0 ' 

7047 / 

2.91 

8.49 

443 

631 

7®34' 

8.00 

8.60 

456 

547 

70 0 ' 

io®r)5' 

2.05 

2.48 

817 

880 

10 ® 86 ' 

2.18 

2.55 

826 

891 

9°a()' 

14“52' 

1.50 

1.80 

234 

281 

14®20' 

1..55 

1.86 

241 

280 

I 0 ' 

22“05' 

0 ;w 

1.18 

im 

192 

21®26' 

1.01 

1.22 

164 

197 


Ti’tniimel 72 Inches Diameter. 



12 Revolulions a Minute. Siidmg Angle, 39“ 61'. 

16 Revolutions a Minute. Sliding Angle, 42“ 35'. 

2® 0' 

3®07' 

4.86 

5.84 

1,102 

1.322 

2“57' 

5.14 

6.16 

1,164 

1,396 



3.89 

4.07 

881 

1,058 

3“42' 

4 11 

4.93 

931 

1,117 



2.77 

3.33 

680 

756 

5°11' 

2.93 

8.51 

665 

798 

.6“ U' 

7 ® 10 ' 

1 93 

2.32 

441 

529 

7“24' 

2.04 

2.45 

466 

659 

7" 0' 


1.37 

1 64 

816 

379 

10®23' 

1.45 

1.74 

838 

400 


14®.5<;' 

1.00 

1.10 

233 

280 

14“07' 

1.05 

1.27 

246 

295 

1O' 

22*'11' 

0 65 

0.78 

159 

191 

20“,')7' 

0.09 

0.83 

168 

201 


Trommel 25 Inches DiotnehT. 



10 Revolutions a Minute. Sliding Angle, 39® 29'. 

|l8 Kevolutions a Minute. Sliding Anglo, 41® 28' 

2® 0' 

3®09' 

2.62 

4.34 

1,003 

1,.312 

«®01' 

3.77 

4.62 

1,189 

1,866 

2“30' 

8®56' 

2.80 

8.47 

875 

1,050 

8®47' 

8.01 

8.62 

911 

1.098 

3® 30' 

6®31' 

2.06 

2.48 

625 

750 

6®17' 

2.16 

2.68 

661 

781 

5“ 0' 

7®68' 

1.44 

1.78 

438 

525 

7»34' 

1.60 

1.80 

456 

547 

7® O' 

M®03‘ 

1.02 

1 22 

818 

376 

10»86' 

1.06 

1.27 

820 

891 

9®:jo' 

15*03' 

0.74 

0 89 

281 

277 

14*26' 

0.77 

0.9.3 

241 

289 

11" 0' 

22®22' 

0.48 

9.68 

158 

180 

21®26' 

0.51 

0.61 

164 

197 


Effect of Slope. —This may be stated in two ways: Other things being 
equal, with the .^ame depth of bank increase of slope increases enormously the 
conveying power of the trommel; or wc may say that for the same quantity of 
ore, with the steeper slope, the bank will be much thinner, and hence the screen¬ 
ing iinich bettor. These facts, for a trommel 36 inches in diameter, 72 inches 
long, revolving 26 times per minute, are shown in Tables 204 and 205. It 
should be stated that where .such thin banks as } inch thick are given, it simply 
means that that i.s the average depth of continuous layers that would equal in 
weight the sum of the scattered ore fragments. Those tables are based on 
Table 203a. 

TABLE 204.— CAPACITY IN 24 HOURS OP A TROMMEL 36 INCHES DIAMETER, 72 
INCHES LONG, REVOLVING 20 TI VIES A MINUTE, FOR GIVEN DEPTHS OF 
BANK, AND AT DIFFERENT SLOPES; ASSUMING THAT 1 CUBIC 
FOOT OF BROKEN ORE WEIGHS 94 POUNDS. 


Slope of Trommel. 

Ore Bank Min. Deep. 
Trommel Contains 
8.91 Pounds of Ore 
at any time, (a) 

Ore Bank M in* Deep. 
Trommel Contains 
11.03 Pounds of Ore 
at any time, (a) 

Ore Bank 1 in. Deep 
Trommel Contains 
31.06 Pounds of Ore 
at any time, (a) 

Ore Bank 2 in. Deep. 
Trommel Contains 
H7.14 Pounds of Ore 
at any time, (a) 

Degrees. 

2® 

Id. per Foot. 

4.6 tons. 

18.1 tona. 

86.8 ton*. 

1G6.8 tons. 

2*30' 


6.R tons. 

16.4 tona 

46.1 tona 

129.4 tons. 

8*30' 

W- 

H.l tons. 

28.0 tons. 

64.7 tona 

181.6 tons. 

5® 

1 + 

11.7 tons. 

83.0 tona 

02.8 tons. 

200.8 tons. 

7® 


16.5tOii8. 

46.4 tona 

1.30.8 tona 

866.9 tons. 

9*30' 

2 

22.6 tons. 

68.8 tona 

179.6 tons. 

603.0 tons* 

14“ 

8 

34.5 tons. 

97.4 tons. 

874.4 tons. 

769.8 tons. 


(a) Including the undenlne. 
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TABLE 205 .— THICKNESS OF BANK AND WEIGHT OF OBE IN TROMMELS 30 AND 36 
INCHES DIAMETER, 72 INCHES LONG, REVOLVING 20 TIMES A MINUTE, 
WITH DIFFERENT RATES OF FEED AND AT DIFFERENT SLOPES; 
ASSUMING THAT 1 CUBIC FOOT OF BROKEN ORE 
WEIGHS 94 POUNDS. 

AbbreyiatioDB.—Deg.sdegrees; Ft.=fuot; In.^lnches; p.sper. 


Trommel 80 Inches Diameter, 72 Inches Long. 


Slope of 
Trommel. 

100 Tons Screened 
in 24 Hours. 

125 Tons Screened 

In 24 Hours. 

IMMll 



Depth 
of Ore 

Bank. 

Ore in 
Trommel 
at auv 
tlirie. (a) 

Depth 
of Ore 

Bank. 

Ore In 
Trommel 
at any 
time, (a) 

Depth 
of Ore 
Bank. 

Ore In 
Trommel 
at any 
time, (a) 

Depth 
of Ore 
Dank. 

Ore in 
Trommel 
at any 
time, (a) 

Depth 
of Ore 
Bank. 

Ore in 
Trommel 
at any 
time, (a) 

Deg. 

In.p.Ft. 

IncheB. 

Vounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Inches. 

Pounds. 

Incites 

Pound.s. 



2.31 

98. H 

2.69 

123.5 

8.06 

148.2 

8.73 

197.7 

4.93 

296.5 

<P30' 

(4 I 


79.0 

2.31 


2.61 

118.5 

3.20 

158.1 

4.2:1 

237.1 

8*30' 

3a - 


CO.3 

1.85 



84..5 

2..53 

112.7 

8.35 

169.0 

6 * 

1 + 


39.8 

1.46 

49.1 


58.9 

hebk 

78.6 

2.60 

117.9 

7* 

m- 


27.8 

1.15 

84.H 

1.80 

41.7 

1.68 

.55.7 

2.07 

83.5 

9*80' 

2 

■S3 

20.2 

0.03 

25.8 

1.04 

80.3 

1.27 

40 4 

1.67 


14* 

8 

■sl 

13.3 


16.G 

0.78 

19.9 

0.95 

26.5 

1.26 

39.8 


Trommel 88 Inches Diameter, 72 Inches Loujf. 


2” 


1.96 

64.4 

2.28 

105.6 

2.58 

126.5 

3,12 

168.7 

4.13 

258.1 

■■gilta 

«+ 

1.69 

67.4 

1.96 

64.2 

2.21 

101.0 


134.7 

8.62 

202.1 


«- 

1.35 

48.0 

1..57 


1.76 

72.0 

2.14 


2.81 

144.0 

6* 


1.05 

33.5 

1.23 

41.8 

1.89 

,'i0.2 

1.68 

66.9 

2.20 

100.4 

7* 

iH- 

0.83 

23.7 

0.97 

29.7 

1.30 

.35 C 

1.33 

47..5 

1.76 

71.2 

9*80' 

2 

0.68 

17.8 

0.78 

21.C 

0.88 

25.9 

1.07 

31.0 

1.42 


14* 

a 

0.51 

11.3 

0,58 

14.1 

0 GO 

17.0 

0.80 

22.7 

1 06 

34.0 


(a) Including the undersize. 


The Effect of Length and Slope Combined. —Table 20C shows relative 
weights of ore conveyed by trommels with equal depths of bank in any given 
time. These quantities are calculated on the basis that SU-inch, 48-inch, 72-inch 
and 9C-inch trommels contain respectively 1.1, 1.27, 1.56 and 1.80 times as 
much ore at any given moment as a 30-inch trommel of the same length. These 
figures arc practically true for banks varying from J inch to 2 incihes in depth. 
The greatest error in the tabic is 0.8%. To oliminate this sliglit error would 
require a separate table for each depth. Tabic 207 shows, for the same diame¬ 
ters and slopes as in Table 20C, the relative lengths that w'ill give the same 
length of helical path in all cases; equal lengths of path being necessary to 
yield the same quality of sen^ening, provided there is the same depth of bank 
in each case. Both of these tables arc ba.scd on Tables 203a and 2036. Two 
examples of their use follow: If the maximum capacity of a trommel 9C inches 
in diameter, sloping 14°, revolving 12 times per minute, is called 100 units of 


table 206.— RELATIVE WEIGHTS CONVEYED BY TROMMELS WITH ORE BANKS OF 
ANY DEFINITE DEPTH UP TO 2 INCHES. 


Slope of 
Trommel. 

Trommel 30 Inches 
Diameter. 

Trommel 38 Inches 
Diameter. 

Trommel 48 
Inches Diameter 

Trommel 72 
Inches Diameter 

Trommel 96 
Inches Diameter 

Revolutions per Minute. 

Revolutions per 
Minute. 

Revolutions per 
Minute. 

Revolutions per 
Minute. 

Revolutions per 
Minute. 

Deg. 

Inches 

per^t 

10 

18 

20 

16 

18 

20 

15 

17 

1 

15 

10 

19 

r O' 

Hi- 

8.3 

8.7 

4.0 

4.3 

4.6 

6.1 

C.l 

6 8 

9.1 

10.7 

11.7 

13.6 

*•80' 

Sh- 

4.2 

4.6 

6.0 

5.4 

5.9 

6.4 

7.7 

8.6 

11.4 

13.4 

14.7 

16.9 

S*80' 


5.8 

6.4 

7.0 

7.6 

8.3 

9.0 

10.8 

11.9 

1.5.9 

18-8 


28.7 

B» O' 

1 + 

8.4 

9.2 


10.9 

12.0 

12.9 

15.6 

17.0 

22.9 

27.1 

S0.tr 

84.0 

7* O' 


11,8 

18.0 

^14.1 

16.4 

16.9 

18.2 

21.8 

23.9 

82.2 

38.1 

41.7 

48.1 

9*80' 

2 

16.3 

17.9 

19.4 

21.1 

23.2 

25.1 


82.0 

44.2 

52.6 

57.4 

66.8 


8» 


HHi 

■iggH 

32.5 

85.6 

r3H.2 


60.5 

■31 

■jjjljH 

68.6 

100.0 
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TABLE 207. —RELATIVE LENGTHS OP TROMMELS NECESSARY FOR THE CAPACITIES 

GIVEN IN TABLE 206. 


Slope of 
Trommel. 

Trommel 30 Inches 
Diameter. 

Trommel 86 Inches 
Diameter. 

Trommel 4B 
Inches Diameter 

Trommel 72 
Inches Diameter 

Trommel 96 
Inches Diameter 

Bevolutions por Minute. 

lievolutions per 
Minute. 

Hevolutions per 
Minute. 

Revolutions per 
Minute. 

Revolutions per 
Minute. 

... Indies 

per Ft. 

le 1 IB 1 20 

le 1 18 1 20 

15 j 17 

12 1 15 

10 18 


Kelative Lengths of Trommels. 


2® 0' 

4^ 

14.5 

14.2 

18.9 

14.8 

13.9 

13.5 

14.0 

13.6 

14.1 

13.8 

14.8 

18.6 

2®30' 


18.1 

17.7 

17.3 

17.8 

17.4 

16.9 

17.5 

17.0 

17.6 

■ 16.0 

17.7 

17.0 

3®30' 

a— 

25.8 

84.8 

84.2 

84.0 

84 3 

23.7 

84.5 

83.8 

84.6 

23.8 

84.8 

23.8 

6® 0' 

1 -1- 

36.1 

85.4 

34.6 

85.6 

34 7 

33.8 

85.0 

34.0 

35.1 

83.S 

35.4 

34.0 

7“ 0' 


50.5 

49 4 

4H.S 

49 8 

48.6 

47.3 

48.9 

47.5 

49.1 

46.5 

49.5 

47.5 

9®30' 

8 

i;h.3 

66.8 

65.4 

67.4 

65.7 

64.0 

06.2 

64.8 

66.5 

68.0 

67.1 

34.8 

14® (V 

8 

100.0 

08.1 

96.3 

98.7 

96.3 

94.0 

96.9 

94.5 

97.6 

92.8 

98.1 

94.5 


weight, the same quality of screening will be done by a trommel 36 inches in 
diameter with the same slope, revolving 20 times per minute, with a capacity 
of 38.2 units of weight, and the relative lengths would be 94.5 and 91.0, that is 
to say, practically the same length. If, on the other hand, the 36'ineh trommel 
had .sloped 5° instead of 14°, the capacity would be only 12.9 units of weight, 
but the necessary length would bo reduced to 33.8. The capacity is reduced 
more than the length. In like manner a great variety of conditions may be 
compared. Capacity cannot be much increased, however, by increasing length 
without increasing slope also. For example, if a trommel 5 feet long is screen¬ 
ing well to its full capacity, and it is attempted to double the capacity by dou¬ 
bling the length, the first 5 feet will be overcrowded and screening poorly, and 
the wa'ond 5 feet will also be overcrowded and screening poorly; but by doubling 
the length and at the same time increasing the slope, the capacity can bo doubled 
(see 'Tables 206 and 207). If, however, there is not enough full to permit an 
increase of either length or slope, the 2 five-foot lengths may be plucc’d side 
by side and the ore divided between them. 

Practically, the mill man aims, as a rule, not at great quantity but at good 
quality; and when he seeks this by the 14° slope, he does not try for the 
enormous capacity that the trommel will give if its helical path is lengthened as 
above, but rather for the very much thinner bank that the 14° slope will give on 
the same quantity, in order to give the greatly improved quality of screening 
that will result. The thin bank does away with the necessity of increasing the 
length. 

Effect of Speed. —Table 206 shows that the capacity is noticeably increased 
with the speed of revolution. For example: A 36-inch trommel, sloping 5°, 
making 16 revolutions a minute, screens 10.9 units of weight, while if its revo¬ 
lutions be put up to 20, it will screen 12.9 units. The increasing speed, to he 
sure, increa,sns the centrifugal force, which tends to blind the screen, but the 
effect of this probably is not scriou.s for a 36-inch trommel until we go beyond 
20 revolutions a minute. See Fig. 231 and § 272 (paragraph on Revolutions). 

The Effect of Varying the Diameter.— Tables 206 and 207 show that, 
with the same number of revolutions and the same slope, the capacity of a 
36-iiich trommel is practically 1.3 times that of a 30-inch trommel of the same 
length. The centrifugal force, however, is greater in the former, and to make 
a perfectly fair comparison, the revolutions must oe so regulated as to make 
the centrifugal force the same in the two machines. The depth of bank and 
the quality of screening will then be the same in both trommels, and the 36-inch 
trommel will have practically 1.2 times the capacity of the 30-inch trommel; 
that is to say, the capacities of the two are in proportion to their diameters. 
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In fact, when the lengths and slopes are the same, and the speeds are such as 
to make the centrifugal force the same, the capacities of any two trommels are 
pracucally proportionnl to their diameters, for the depths of bank under con¬ 
sideration (2 inches or less). The helical distance traveled will bo exactly the 
same ior all diameters ii the lengths and slopes are alike, so that the wear on 
screens, per ton of ore, will he the same. The frequency of changing screens 
will he the. same, hut the labor of changing, per ton of ore, will be inversely ns 
the diameters. It is clear then that the running e.\pcnse of a, large diameter 
trommel i.s no greater and may be even less than that of a small one, per ton 
of ore treated. On this account, diameters whiidi are much greater than those 
commonly used have been computed and placed in the tables for conviniiciice 
of mill men who may desire to experiment in this direction. Diameters equal 
to the largest shown in the tables are sometimes us-cd for coal. It should be 
stated that the first cost of trommels will increase somewhat more rapidly than 
the diameters. 

§ 2!)3. Depth of Bank and Quality of Work depend mainly upon the 
slop(' of the trommel, the rate of feeding, and the sjieed of revolution. If the 
bank is ton deep good screening cannot be done, no matter how long the trom¬ 
mel is. If the bank is too thin, time is wasted. 

At Laurenhurg a conical trommel liaving 8-mm. round liolos with 28 inches 
large diameter, dO inches perforated length and 2° 50' slope, has been rejdaeed 
by one with 64 inches large diameter, 20 inphc.s perforated lenglli and i>° 4.5' 
slope run at 6 revolutions per niinute.‘“ The steeper slope and greater dianic- 
■ter have both helped to diminish the depth of bank and to improve screening 
to an extent which warranted shortening the screen. The net result was less 
wear of screen and less slimes from abrasion of the ore. 

The importance of steeper slope and shorter length for a given capacity does 
not appear to be perfectly understood. The following figures have been taken 
from Table 186 to illustrate this point: 


SIopo of Trommel. 

Number of Trom¬ 
mels S() Inohes to 
50 Inches Long:. 

Number of 
Tniminels 60 
Iticliei LoriR. 

Number of 
Trommels 72 
Inches Long. 

Number of Trotn- 
rnelK IX) Inches to 
10H liK'IicH Long. 

5' 10 3“55' 

7 

10 

2 

25 

4® 6' to 4«'l6' 

2 

5 

5 

0 




17 





H 

4 




1 





4 



1 



. 


There are three large entries in this list which appear to indicate that this 
problem is being w'orked out by natural selection: 25 very long trommels have 
from 1° 6' to 3° 55' slope; 17 six-foot trommels have from 5“ 1o 5" ,55' slope; 
7 five-foot trommels have !)° ."10' slope. Here, throwing out ct'rtain odd figures, 
which may be considered exceptional, we have evidence that mill men recognize 
that if a gentle slope is to be used the trommel must be long, while if a steep 
slope is used it may bo short. If it can bo short, it should be, in order to pre¬ 
vent wear of screen and breakage, of ore. 

Table 186 shows that it is not an uncommon practice to diminish the slope 
and increase the length as the size of the ore diminishes. This is done on the 
.basis that the fine sizes are harder to screen and should therefore bn kept longer 
in the screen. fTiere seems no reason, however, why a fine size should screen 
more advantageously at. a gentle angle than a coarse size. If, then, steep slopes 
thin the banks and improve screening for coarse screens, they will also do it 
for fine. It is probable that short screens, 5 feet long, with somewhere from 
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9° to 14° slope, will be found so much more efficient for screening, and so much 
less expensive, that they will be adopted for all sizes, coarse and fine. 

Tests of Mill Work. —The author obtained samples of trommel products 
from Mills 22, 38, 30 and 38 in order, by carefully sizing them on hand screens, 
to determine the quality of the wnrk done in the mills; and then, if possible, 
to explain any difierences in the quality of the work by studying the various 


TABLE 308. —SIZING TESTS OP TROMMEL PHOIWCTS FROM MILL 33.* 



Mil! Si7.ee. 

Through 12 on 6 mm. 

Through 6 on 3 mm. 

^ Through 8 mm. 

Number on FI?. 535 

1 

2 

4 


Percent. 

Cumulative 

Percent. 

Percent. 

Cumulative 

Percent. 

Percent. 

Cumulative 

Percent. 

Throueh 16.0 on U 3 mm. 

4.0 

4.0 





»• 

11 2 

“ 8.02 


S4.8 

38.8 






8.03 

B.61 


45.3 

84.1 

2.4 

2.4 



** 

6.61 

“ .3.94 


18.6 

97.6 

45.8 

47.7 

0.2 

0.2 


8 94 

“ 2.69 


1.7 

99.8 

48.6 

96.2 

20.8 

21.0 


2.69 

“ 1 89 


0.3 

99.6 

2.6 

98.7 

2G.8 

47.8 


1.89 

“ 1,49 


0.1 

99.7 

0.6 

99.2 

13.5 

61.3 



“ 0.945 








u 

0.945 

“ 0.667 






7.8 

83.7 



“ 0 493 




0.1 

99.8 

u 

0.493 

“ 0..S71 

u 





(* 

0.371 

“ 0 270 






2.7 



0.270 

“ 0 I.5H 

It 






K 

0.158 

“ 0.119 

It 








0.119 

0.073 






1.2 


w 

0.073 

“ 0 009 

“ 






98.4 

Fines.... 



.. 

0 4 


0.8 


1.3 

Total. 



mo 1 


09.7 



• TLo slRniflcaiKM^ of tlio tsoinmns h<»adeJ “ CmnulAtIve jhTcuut.” is explained iu § H(W § HOft, 


TABLE 209. —SIZING TESTS OF TROMMEL PRODUCTS FROM MILL 38.* 








Mill Sizes. 





Feed. 

Through 
40 on % 
min. 

Through 
25 on 16 
mm. 

Through 
16 on 12 
mm. 

Through 
12 on 6 
mm. 

Through 
6 on 5 
mm. 

Through 
G on 3.5 
mm. 

Thr’ugh 
3.5 on 2 
mm. 

Thr’ugh 
2 mm. 

Number on Fig 537. 


1 

2 

8 



6 

7 

6 

9 

Through 

Percent. 

0) 

i ° 

u 

u 

Percent. 

9 

► ^ 

*3 

2 « 
53- 
o 

Percent. 

V 

> 

2" 

gfti 

o 

D 

1 

2 a 

o 

Percent. 

Cumulative 

Percent. 

Percent. 

► ^ 
« g 
22 
3&- 

o 

Percent. 

Cumulative 

Percent. 

.J 

o 

0) 

01 

0. 

Cumulative 

Percent. 

1 

11 

5 ^ 

44.8 

on 31.9 

mm. 

6.9 

.5.9 



mm 














81.9 


22.3 

It 

16 6 


ioo.o 

ioo 

IQQ 

17.9 













22.3 

16.0 


Wtwm 

It 

13.3 

16.4 

:i5.H 
52 2 





4.5 

94.9 

4.5 

99.4 











11.2 


6.02 


9,8 

62 0 





0.6 

100 


98 4 









8.02 


6.61 

It 

8.8 

70.8 






1.6 

100 

m 

.58.0 

99.3 

99.8 

0..3 

72.0 

27.7 

0.3 

72.8 





6.61 


8.94 

tt 

6 2 

77.0 











8.94 

»» 

2.69 

t> 

4.7 

81.7 













2.69 


1,89 


2.9 

81.6 










44!2 

4.3 

9.5/2 

99.5 



1.69 

1.49 

0.946 

0.667 

0.493 


1.49 

0.945 

0.607 

0.493 

0.371 


1.7 
2.2 
l.C 
1.3 
0 4 

HO 3 
88 5 
90.1 
91.4 
91.8 













5.6 
















.... 


21.2 

16.8 

13.7 

26.8 

4.3.1 

.56.8 

0.371 

»* 

0.270 


1.0 

92.8 
















n.s 



0.158 


1.5 

94.3 
















0.168 

0.119 


0.119 


0.8 

95,1 


















0.073 

tt 

1.2 

96.3 


















It 


tt 

0.3 

98.0 

















Fines.. 



3.1 
















4^4 


Total...... 

99!r 


100.0 


100.0 


100.0 


100.0 


99.8 


100.0 


99.5 


99.8 



The slgniflcaoce of the columns beaded CumulatiTe percent/* Is explained In $ (103-s 860. 
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adjustments of the mill screens. The results are shovm in Tables 208, 209, 
210 and 211. Before examining them it will be well to point out the causes 
of unsatisfactory work. If the screen holes are smaller than they are rated, the 
oversize product will contain an excessive amount of fines; while if the holes 
are larger the oversize will appear to be more free from fines than it should, 
and the next smaller oversize will contain larger grains than it should. If the 

TABLE 210. —SIZIKQ TESTS OF TROMMEL PRODUCTS FROM MILL 30.* 


Mill SiMS. 



Through 25 
on 15 mm. 

Through 16 
on 10 mm. 

Through 10 
on 7 mm. 

Through? 
on 5 mm. 

Through 6 
on 8 mm. 

Through 

8 mm. 

Number on Fig. 589. 

1 

2 

8 

4 

6 

e 


Tercent. 

9 

II 

o 

Percent. 

Cumulative 

Percent. 

a 

« 

9 

II 

o 


o 

01 

2 

£ 

9 

U 

O 

a 

0) 

E 

9 

0k 

9 

<8 § 

o 

i 

cu 

lag 

il 

o 

nirough 31.9 on 22.3 mm. 

” 22.3 “ IC.O “ 

16.0 “ 11.3 “ 

« 11.2 ** 8 09 

»» 8.02 “ B Cl “ 

« B.Gl “ 8.04 “ 

•* 8.94 “ 2.69 “ 

“ 2.69 “ 1.89 “ 

« 1.89 “ 1.49 

•• 1.49 “ 0.045 “ 

« 0.945 “ o.cor “ 

« 0 667 “ 0.493 “ 

** 0.498 “ U.37I “ 

” 0,371 “ 0.270 “ 

2.3 

2.3.0 

53.1 

17.0 

2.9 

O.li 

0.2 

0 1 
0.1 

2.3 

2.5.3 

78.4 

95.4 

98.3 
98.8 
99.0 
9'.).! 
99.2 





















18.2 
51.6 
23 ..3 
3.7 
1.2 
0.7 
0.2 
0.3 

18.2 

69.8 
03.1 

90 H 

9H 0 

98 7 

98.9 
99.1 









7.4 

47.7 

32.4 

9.0 

2.0 

0.5 

0.8 

0.1 

7.4 

B5.1 

87.5 

96.5 

98 5 
99.0 

99.3 

99.4 







4.0 

36.5 
40.2 

13.5 
2.9 
1.7 
0.4 
0.1 

4.0 

40.5 

80.7 

94,2 

97.1 
08.8 

99.2 

99.3 





2 6 
23.0 
28.0 
16.1 
19.1 
7.0 
2.3 
0.4 
0.6 
0.4 
O.l 
0.2 

2.6 

25.0 

53.6 

69.7 

88.8 
95.8 
98.1 

98.5 
99.0 
99.4 

99.6 

99.7 



0.5 

6.4 

9.4 
20.5 

14.2 

11.3 
2.6 
6.0 

9.7 

8.3 

4.8 
0.9 

9.5 

0.6 

6.9 

16.8 

86.6 

61,0 

62.8 

64.9 

70.9 
80.6 

83.9 
88.2 
89.1 













.... 


** 0.158 “ 0.I19- “ 

** 0.110 “ 0.078 *• 

« 0.073 “ 0.069 

















0.9 


0.9 


0.5 




0.8 







100.1 


100.0 




■ 




98.6 





* The signiUcaDce of the columns beaded Cumulative percent.'’ is explained In $ HCS-j BHf). 


TABLE 211. —SIZING TESTS OP TROMMEL PRODUCTS FROM MILL 38.* 



Mill Sizes. 

Through 38.1 on 
23.2 mm. 

Through 22.2 on 
0.6 mm. 

Through 9.6 on 

6 mm. 

Through 6 on 

2.6 mm. 

Number on Fig 541 

1 

2 

8 

4 


Per¬ 

cent. 

Cumulative 

Percent. 

Per¬ 

cent. 

Cumulative 

Percent. 

Per¬ 

cent. 

Cumulative 

Percent. 

Per¬ 

cent. 

CumulatiTe 

Percent. 

Througb44.d od 31.9 mm. 
“ 31.9 "22.8 " 

** 22.8 " 16.0 •• 

•• 16.0 " 11.2 ‘ 

*• 11.2 " 8.09 “ 

• 8.02 " 6.61 " 

•• 5.61 ” 8.04 " 

8.94 ** 2.69 " 

“ 2.69 ” 1.69 " 

*• 1.89 " 1.49 " 

•*. 1.49 ” 0.946“ 

•• 0.945 “ 0.667“ 

'• . 0.667 “ 0.493“ 

“ 0.498 “ o.an “ 

“ O.an “ 0.270“ 

•• 0.270 “ 0.153“ 

24.8 

41.2 

29.4 

4.2 

0.2 

24.8 

65.B 

04.9 

99.1 

90.8 







0.4 

17.6 

S8.2 

26.0 

15.4 

1.6 

0.8 

0.1 

0.4 

18.0 

60.2 

89.2 

97.8 

00.9 

90.6 

90.6 













0.8 

42.0 

88.0 

10.1 

2.8 

1.1 

1.2 

0.8 

0.7 

0.2 

0.0 

0.7 

0.8 

0.8 

42.6 

60.8 

90.9 

93.7 

94.8 

96.0 

96.6 

97.5 

07.7 

98.2 

98.9 



2.2 

21.4 

42.8 

21.7 

6.9 

8.8 

0.6 

0.8 

2.2 

28.6 

66.9 

87.6 

94.6 

98.8 

99.1 

99.4 
























—. 







0.7 


0.4 


0.6 








fto.o 


100.0 


99.7 


lOO.O 


..ff'-:- 






^ * 'nw algnldcanoe of the columns he^ed ** CumulatiTe percent.’* la explained In 1868-{ B06, . 
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PRmojPLm OF soBsair bizinq: 


holes are of the exact size they are rated, some of the following difficulties may 
occur: the screen is crowded by too rapid feeding; it has too little slope for its 
length or too little length for its slope; it has too small a percentage of open¬ 
ing; too little water is used to remove the adhering fines; or the holes are par¬ 
tially blinded by the presence of a large percentage, of grains about the size of 
the holes. In any of these eases the ])ercentagc of fines m the oversize running 
down to small sizes will be too large. It should be noticed that a certain amount 
of fines arc produced by abrasion after the screening is finished. 

Examination of the results plotted in Eig. 5:1.'), tlluiiiler \.\I., show.s that 
in Mill 32 the oversize of the (l-mm. screen contains 24% finer than 0 mm.; 
and the oversize of the 3-mm. screen contains 7% liner than li mm.; but the 
holes in the :l-mm. screen were worn so that the undersize conlained 14% 
coarser than 3 mm. These screens am very long (124 indies) and have very 
gentle slope (3°). The first screen receives 175 tons of ore in 24 hours. 

The samples from Mill 28 were too small in quantity to give a fair representa¬ 
tion of the work, especially the first live (namely the feed, and the oversizes of 
the 2.5, hi, 12 and 8-mm. screens). For part of the cm-ves on Fig. 5.'!7 there 
were so few jioints to be plotted that there is some doubt as to llio direction of 
the curves. 'J’his is especially true when there is no plotted jioint near the 
zero pc'r cent. line. However the curves are sufficient to show that the holes 
in some of the mill serceus w'ere considerably worn; for c.xample, the size 
“through 12 on 8 mm.’'’ contains about 35% coarser than 12 mm.; “through 5 
on 3.5 mm.” contains about 25% cour.ser than 5 mm. 

Fig. 539 shows that in Mill 30 the 1.5-mm. oversize contains (17% finer than 
15 mm.; the 10-mm. oversize contains 07% finer than 10 ram.; the 7-mm. 
oversize contains 77% finer than 7 mm.; the 5-mm. oversize contains 85% tinor 
than 5 ram.; and the 3-ram. oversize contains 82% finer than 3 mm. There is 
no evidence that the holes were enlarged by wear. The scrcK-ns are arranged 
tandc'm. arc short (30 and 40 inches) and have gentle .slopes (from 3° to 4“ 15'). 
The first screen receives 200 tons in 34 hours. 

Fig. 541 shows that in Mill 38 the 22.2-mm. oversize contains 31% finer 
than 33.2 mm.; the 9.5-mm. oversize contains 30% finer than 9.5 mm.; the 
5-ram. oversize contains 40% finer than 5 mm.; and the 2.5-inm. ovcirsize con¬ 
tains 28% finer than 2.5 mm. These screens ari‘ of medium length (72 inches), 
and of moderate slope (4° 45' to 5“ 55'), steeper than in the other mills. The 
first screen receives 150 tons in 24 hours. 

Omitting Mill 28 on account of the smallness of the samples, wc see that the 
best work is done by Mill 22, and the poorest hy Mill 30, the work of Mill 38 
lying between the two. Looking for the causes, we find that Mill 30 is treat¬ 
ing much more ore than the others; it is using tandem trommels (which Mills 
20 and 38 do not), a system which overcrowds the earlier screen; and it uses 
gentle slopes combined with short 1 ngths. Better work probably could have 
been done in all of the mills if steeper slopes, say 9°, had been used, and with 
this the long trommels of Mill 22 could have been shortened. 

It will be noticed that the percentage of fines in the oversize of fine screens is 
generally greater than in coarse, the reasons for which are explained in § 290. 
In Mill 38 one is surprised to see finer stuff in the oversize of the 5-mm. than 
of the 2.5-mm. screen. This appears to be accounted for by the fact that the 
former has more grains of about the size of the hole than the latter (25% 
as against 16%' within the size limits 10% above ai 1 10% below the diameters 
of the holes). 

Table 212 shows the results of tests made hy Prof. H. A. Wheeler, of St. 
Louis, on the oversize products of trommels at Iron Mountain, Mo. The 
tests were made by treating samples of about 8 or 10 pounds on the very screens 
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from which they were taken, at a time when the mill was idle and therefore 
the screening could be done accurately. 


TABLE 212. —TESTS OP OVERSIZE PRODUCTS OF TROMMELS AT IRON MOUNTAIN, MO. 




Larger 

Oblong 


Smaller 

Slope of 

Diameter 

of 

Effective 
Length of 

Revolu* 
tions per 
minute. 


Oreralze of 


Grains, (a) 

Screen 

Trommel. 

Trommel. 

Trommel. 



Holes. 



Holes. 


Inches. 

Inches. 

9^>!Dch tioles, Number of gruns. 

m 

27 

80 


Slit 

48 

1“45' 

49 

49 

97 

87 

95 

95 

tt 

It St tt 

16 

88 


44 

** 

42 

27 

96 

St 

tt It St 

87 

2B 


3.5 

“ 

42 

27 

S!i 

SS 

tl IS IS 

24 

87 


89 

1«85' 

36 

44 

29.S 

ts 

St IS It 

21 

87 


42 

** 

36 

44 

22.5 

ts 

SI tl s> 

37 

29 


35 

SI 

86 

44 

22.6 


ft IS SI 

83 

88 


°° - 


38 

44 

22.5 



66 

. 44 . 

SI 

31 

44 

23.5 


Nuiuberof grains 

4i 

20 


36 


3» 

44 

22.5 



67 

.48. 

It 

sr. 

41 

29.5 

** 

“} Nuinbor of gruiiiR 

41 

22 


37 

*• 

36 

44 

22.6 





It 

36 

44 

22.6 


^/Numberof gruius 

40 

80 


to 


36 

44 

22.5 



4ft 


.17. 

SI 

80 

44 

22.5 

j Niimborof grams 

16 

29 


60 

“ 

86 

44 

22.5 





e. 

1 

II 

.36 

44 

22.5 

M 

Si si’’ 

35 


65 . 

II 

36 

44 

22 5 





62. 

•1 

36 

44 

22.5 


^ (Numbiirof grams 

11 

15 


74 


3fi 

44 

22.6 

«* 

Number of grams 

32 

SI 


47 

^45' 

49 

8H 

25 


IS SI II 

88 

tl 


21 

*' 

42 

83 

35 

^-Incb 


82 


.08 . 

2»50' 

80 

61.6 

20.5 


61 

29 



80 

51.5 

20.6 

** 

^ j Nuruber of grains 
Number of grams 

.71. 

IS 

30 

61.6 

20 5 

“ 

27 



57 

“ 

80 

51.5 

20.6 

k-lnch 

t^4noh 


89 

! .B1. 

2“ 6' 

86 

47 

20.5 

“ Wnigiit . 

22 

.. 

.78. 

2“ O' 

30 

47 

19 


19 

. 

.KI. 


30 

47 

19 

It 

II tl 

20 6 


“ 

30 

‘ 47 

10 


(o) Thcaii are the long, flat Kraiiis th.it coiilii pass throufth tlio hulea eudwiao. but hot if their major azei 
were parallel to the sureen. (6) The weight and count were made on the same eamplo. 
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the various -fixed screens, riddles and trommels, with their dimensions, mechanitmi^ 
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35. Inst. Civ. Eng., CXVL, (1804), p. 7. Robert E. Comraans describes and discusses 

various forms of fixed and moving ^ rizzly bars, riddles and trommels. Illustrated. 

36. Iron d Eleel 1892, No. 1, p. 387. Briart’s bar screen. 

37. Mvi. Jnd., Vol. V., (1800), p. 157. Richard Cremer. Coal screening devices described 

and comp.i-red. Illustrated. 

38. Vol. > L, (1807), p, 370. Philip Argali says that, after drying, ore screens 
more rapidly when hot than wh^n cold. 

39. Min. Jonr., Vol. XLL, (1871), p. 300. E. G. Spilsbury. Purpose of screening. Rid¬ 

dles and t.ommels compared. Screen material. Trommel speed. Submerged 
trommehs. 

40. Ibid., Vol. XLI., (1871), p. 485. John Darlington. Dimensions, speed and sieve scale 

for trommels at several plants. 

41. Eorih Eng. Inst. Min. d Mech. Eng., Vol. XXI., (1871-72), p. 205. Robert Miller 

describes the Hick revoLing grizzly bars for screening coal. Illustrated. 

42. Ocst. Zeii., Vol. XXXV., (1887), p. 1. E. Ferraris. A riddle bumping against rubber 

buffers, and with power transmitted through a rubber spring, to overcome jarring. 
Illustrated. 
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i3. Z&td., Vol. XXXVI., (1888), pp. 508 and 615. Carl von Beytt. Description and 
capacity of Kailik gyrating screen and comparison with an ordinary riddle. 

44. Ibid., Vol. XXXIX., (1891), p. 567. A. Kls. The Karlik and the Klein moving 
grizzly bars. Illustrated. 

46. Ibid., Vol. XLI.. (1893), p. 73. A. K4s. The Distl-Susky screw grate. Illustrated. 

46. Ibid., Vol. XLIII., (1895), p. 628. V. Walti. Description of the Obercgger gyrating 

screens. Illustrated. 

47. Ibid., Vol. XLVIII.. (1900), p. 229. K. Ferraris. Description of the Ferraris shak¬ 

ing screen. Illustrated. 

48. 8ch. Mines Quart., Vol. XIV.. (1893), p, 234. Translated from Ann. dca Mines, 

Series VIIL, Vol. XX., (1891), p. 24. 

49. Thon-Ind. Zcii., Vol. XVI., (1892), p. 409. Two speeial forms of riddles. Illustrated. 
69. Zcit. Hcnj. Mult. u. Salinenwesen, Vol. XXXV., (1887), p. 263. The Borgniann and 

Emde revolving grizzly bars. Illustrated. 

61. Ibid., Vol. XLIII., (1895), p. 216. The Karop, the Borgmann & £mde and the im¬ 
proved Briart movable grizzly bars. Illustrated. 



CHAPTER XI. 

CLASSIFIERS. 

§ 294. Definition and Classification. —Classifiers are devices for sub¬ 
jecting sands or slimes to the action of water under free settling conditions, 
either to obtain a series of products diinini.sliing in size, preparatory to subse¬ 
quent treatment, or to settle the whole material as completely as possible from 
the water. 

They all have a carrying (nirrent, by which is meant a current of water which 
carries foruard w'hatever grains may remain suspended in it. Some of them 
have also rising hydnailie, or clear water currents added from below. According 
to the purpose to be scu-ved, the design of the apparatus and the mode of employ¬ 
ing the above currents, these appliances may be classed in nine groups, as follows; 

(a) usiNo HYnnAiJLic wateh. 

I. Trough or shallow pocket hydraulic classifiers. 

II. Deep pocket hydraulic classifiers. 

III. Tubular hydraulic classifiers. 

(A) NOT USING HYDRAULIC WATER. 

IV. Surface current box classifiers. 

V. Whole current box classifiers. 

VI. Di. tributing boxes. 

VII. Unvvatcring boxes. 

Vlll. Settling tanks. 

IX. Clarifying reservoirs. 

Groups I., II., and III. 

§ 295. Principles of Action.— These subject the sands, while being moved 
forward by the carrying current, to a series of upw’ard hydraulic currents, 
each of which acts in its own pocket. The effect produced is that grains of sand 
which are heavy enough to settle against the hydraulic current, may do so and 
can pass out at an orifice or spigot designed for that purpose, while the lighter 
ones are lifted and carried forward to the next hydraulic current. A series of 
these pockets, w'lth their quantities of hydraulic water graduated so as to have 
less and less upward current, will yield products ranging from the coarse size 
of the first to the fine size of the last, and the finest grains will be in the over¬ 
flow from the last pocket. 

The tube or orifice up through which the hydraulic water passes will be called 
the sorting column and its size and shape are of great importanee as affecting 
the quality of the products, as in it the true work of reparation takes place. 

The use of dial cooks for regulating the quantity of hydraulic water is to be 
recommended for restoring the conditions after flushing out the spigots, as well 
as for inspection to see that the mill boys are not deranging the machines. 
Constant hydraulic water is essential to good work. This may be obtained from 
a tank or reservoir with constant level. Constant feed water for the - carrying 
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current is likewise essential for good work. A .strainer to remove fibre, cbipg 
and large, abnormal particles from the fei-d where line pul]) is treated is an in- 
portant adjunct. This strainer may often lie required for the liydnuilie wa or. 
This fibre screen should be large enough to run some time witiiont lieing eleai 'd, 
should be arrranged for easy cleaning and should he cleaned at regular iiilerr ,1s. 

§296. Spigots. —Tlie size of the opening will depend iqioii the liead of wa er, 
the quantity of material to be di.seharged, and the size of the grain. Jt m ist 
be large enough for free flow. The spigot may he a short length of iron pijie, 
fltted into a perforated w'ooden plug, and it, in turn, tilti'd to a nip])le serewod 
into the plank wall of the classifier. This jiijie and plug spigot is the sinqilost 
of all forms; it retains its size fairly well; it is cheap ami instantly rejilaced by 
a new one, kept in stock, and tlie sjiigot is tlnshcd free from obstructions more 
easily and completely than with any other form. 

Dial cocks are sometimes used for spigots, hut they are open to three serious 
objections: they are costly; they wear out quickly, so that the reading loses 
its signiflcance; and finally, the spigot is not, in the opinion of the author, the 
place for an easily and often used adjustment. The .spigot should be set once 
for all, and the adjusting should be done by the hydraulic water. 

A nipple, a bit of hose and a pinch cock form a eouveiiient spigot, but the 
orifice is not circular, so that this form does not run so sinonildy a,- Iho pipe 
and plug. It offers the temptation of adjusting the outgoing stream, which is 
of doubtful benefit, and it is more expensive than the pipe and plug. It has the 
advantage that it can easily be elevated to discharge at u higher level if desired. 

A molasses spigot which has a swing gate, cutting off part of an orifice at the 
flanged end of a pipe has the disadvantages that it wears ra])idly, dues not 
form a round opening, and it introduces the adjustment of the spigot discharge. 

A triangle and gate is practically the same as the molasses spigol, exce d that 
it uses the sliding gate; and the orifice, whatever may be its size, is alw an 
equilateral triangle. 

TiiO rising di,seharge, or goose neck (see Fig. 254c), is a scheme for using a 
larger pipe for the spigot, since small spigots under high head are liable to 
choke with tibre unless the water has been through a fine sere--ii. The goose 
neck disohargi'S the spigot product at a higlicr level than that at which it leaves 
the classifier, thereby diminishing tlie speed of flow and allowing a larger pi])e 
to be used. Owing to the fact that a spigot stream, overcharged witli sand, 
will certainly choke this kind of a spigot, it cannot be used except with very 
fine sand, and then only by one who thoroughly understands its use. An X 
below and a T above, both with plugs in them (sec Fig. 2775), will allow it to 
be flushed out thoroughly in all parts. It can probably be run W'ith less water 
than the short pipe and plug spigot, and it saves mill height. It may be made 
with adjustable column, either as a hose or as an iron pipe turning upon an 
elbow thread ai, the bottom. 


Linkenbach"'' describes a spigot discharge consisting of a disc with holes of 
varying diameters arranged concentrically around its center. The disc revolves 
in front of and close to tlie end of the di.scharging pijie. Thus a larger or 
smaller hole may be rotated into line and the amount of discharge varied accord¬ 
ingly. 

In Mill 28 a nest of two removable flanged thimbles, set 

-- -Tj into the top of the spigot pipe, as shown in Fig. 233, is used 

% M in the unwatering boxes. If the smaller docs not discharge 

XM Mr a spfhcient amount, it is removed and the larger then con- 
stituh'R the spigot. If a .still larger opening is desired, the 
• a ... ... a Liquor thimble may also be removed and the pipe itself forms 

. * PW. 883. the’ spigot. 
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§ 297. I’uni'OSK and Essential Qualities.— 113 'draulic classifiers of a great 
ViirieQ’ oi forins arc ii.sed for haiulliiig tlie products which arc, in the Judgment 
of tile null Dll'll, loo line to size cconoiiiically with screens, and the products 
they yield form a decreasing series dill'cring iroin those of the screens in that 
tliey are not truly sized but sorted products, obeying appro.vimatuly the various 
laws of free settling in water given in Chapter XII. The spigot products are 
in alniosl every inslunee treated on jigs. The fine overflow of the lust hydraulic 
(reatiiieiit is usually .lent to the box classifier; then to vainiers or tables, or occa¬ 
sionally to jigs; it is often sent directly to these machines. 


TABLE 213.—SIZES OF FEED TO 3IYDIUULIC CLASSIFIERS. 


8i7.e of Maximum Grain 
in Feed. 

Number of Mills that bave 
this Size of Feed. 

Size of Maximum Qrain 
in Feed. 

Number of Mills that havo 
this Size of Fee^ 

Mm. 

6.0 

Inches. 

0.20 

1 

Mm. 

1.25 

Inches. 

0.06 

1 

4.70 

o.il 

6 

1.22 


1 

4.5 

1 



1 

S.S 

0.18 

8 

0.685 

0.026 

8 

8.2 

0 .^ 

2 

6 mesb. 

1 

8.0 

10 

10 mesh. 


8 

2.6 

0 10 

8 

IS mesh. 


8 

3.8 

0.09 

1 

14 mesb. 


1 

2.0 

0.08 

4 




1.5 

0.00 

8 

30 mesh. 




The sizes fed to hydraulic classiliers in the mills are given in Table 213. 
As shown in Table 213, tlie size of the maximum grain in the feed material 
ranges from 5 min. down to 0.035 mm. That in the final overflow ranges per¬ 
haps from 0.50 mm. down to 0.25 mm. (see § 352). Linkenbach recommends 
1 5 mm. as the best n.axiniuin grain to feed to hydraulie olassifiers and 0.25 
mm. as the best ma.vimum size of grain in the overflow. For a discussion of 
the coarser 1 'iiit of classifier work, the reader is referred to § 28(1. 

The following are the essential qualities of a good hydraulic classifier, whieh 
should be borne in mind in designing or studying this form of apparatus: ( 1 ) 
It should, in mill phrase, “be able to stand-up” and dc good work with little 
care. (2) The lis'.ng current in the sorting column should rise with uniform 
velocity over all parts of any given horizont.al section. (3) It should require 
little mill height. (4) It should be capable of ca.sy and positive adjustment. 
(5) It should not require an exce.ss of water which may dilute the pulp too 
much. (C) It should be capable of being fed and discharged continuously. 

I. The Teoloii ok Shallow Pocket Hydraulic Classifiers. 

§ 298.—-These have a nearly horizontal carrying current which is retarded 
momentarily over any given .sorting column just long enough to allow the proper 
sands to drop rut, and then is passed on to the next. In order to get this 
moment of retardation, .shallow pockets built in the bottom of the trough, may 
be used, or small dams or riffles may be placed just beyond the sorting columns, 
or a combination of deflectors over, and dams beyond the sorting columns, or 
finally, the classifier may be set so nearly horizontal that a layer of sand collects 
upon the bottom in which shallow pockets form over the sorting columns. 

These are adapted for the classification of coarser ■ izes of sands. They all 
have more or less the quality of allowing any one spigot to be plugged a few 
minutes, for example while a jig i.s being skimmed. In this case the product 
which should issue from the plugged spigot is carried on to the next without 
causing the mill work to suffer serious derangement. The various forms will 
be taken up and described in detail. 
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§ 299. The Lake Superior Hoo Trough Classifier — Old Form. — (For 
new form see Figs. 23Ca-23Cc.)—This is a trough liydraulic clas.siiier consist¬ 
ing of two V troughs, a smaller within a larger, with surfaces parallel and to|)a 
on the same level. The carrying current runs the whole length of the inner V 
trough which has a slight slope for that purpose. The space between the two 
troughs is used as a pressure box and is usually divided by cross partitions, so 
that the hydraulic water and therefore the pressure in the pressure box for each 
of the spigots is kept independent from that of all the others. 'Phe upper end 
of both troughs is headed up water tight, as is also the lower end of the jiressure 
box. The hydraulic water flows from a pipe wdth a regulating valve into the 
open top of the pressure box. The several sorting columns consist of longi¬ 
tudinal slots cut in the bottom of the inner trough. The.sc are usually J inch 
wide and increase in length toward the tail end of the classifier. The spigot 
pipes and plugs are placed adjacent to the slots at one side of the apex of the 
outer V and discharge their products directly upon the feeding aprons of the 
jigs. This classifier often has a receiving box at the upjier end to take the wear 
of the feed sand and deliver the stream quietly to its first pocket. 

This classifier has been u.sed for treating sand from .‘■iciim stamps which has 
been through round holes -j-V inch in dianielcr. This clussilicr has a serious 
defect in that it is not a positive apparatus. The increase of hydraulic water 
does not increase proportionally, and instantly, ilu pn'ssure in tlu pres.si,re liox, 
but does so gradually. After adjusting the water one must wait to uscert tin 
the effect of it. Also, if much water is used on the tir.st hydraulic, tin; sand is 
liable to bank over the first sorting column until the head has iiii rcased in the 
pressure box enough to burst through and send matirial to the second slot, 
where it does not belong, thereby deranging the work. This inability to con¬ 
trol hydraulic water tends to send down line stuff into the earlier .spigots and 
may even send coarse to the overflow. This classifier uses more water than the 
positive forms. The details of it in the mills, as obtained by the author, are 
given in Table 214. 


TABLE 214.— DETAILS OP LAKE SUPERIOR CLASSIFIER. 


AbbreTlatloJis —De^.^dep-ecs; Gal.agallon??; In siucht's; Mm saininuU*; No.=number. 
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(a) Steam stamp stuff 4.76 mm to 0. (6) SpiKOtK to iiRs; overflow to al mo tables by uuwatercr. (c) Lake 
i07 practice from Rolker««. (dj Therw ar« two hydraulic pipes, one for No. 1 spigot, and one for N(». S, 
4 spigots, (e) Hpigots U jigs; overflow tc slime table. 


The sand treated and the water used in Mills 45 and 46, as given by H. S. 
Munroe,” are shown in Tables 215 and 216 respectively. The ratio of the 
voluade of water to the volume of Band has been calculated by assuming the 
specific gravity oi the ore to be 3. 
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TARLE ‘ilT).—T’HOnrCTS OP LAKE SUPERIOR CLASRTFIER IN MILL 45. 



Solid Mat>orinI 
I)<*livert*d |>er 

34 Hours. 

Por Cent, Each 
is of Total. 

Water Delivered 
with Sand per 

34 Hours. 

Batio of Volume 
of Water to 
Volume of Sand. 

First Bpigot. 

Second Hpigot. 

Third spigot. 

Pounds. 

1 

f},m 

45,696 1 

35.1 

11.5 ■ 

7.1 1 

46.3 

Cubic Feet. 
2.128.8 

2,220.0 

1,812.8 

11.5 

80.8 

85.2 




(a) 98,644 

100.0 1 






(.a) Thlg wan the oapaoity of the cLaaaifler in 1860. It has since been greatly Increased. 



LINE i'^n. LINE VtV. 

TABLE 31(>.—PRODUCTS OF LAKE SUPERIOR CLASSIFIER IN MILL 4^fi. 



Solid Material 
Delivered per 

24 Hours. 

1 Per Cent. Each 
is of Total. 

1 Water Delivered 
with Sand per 

24 Hours. 

Ratio of Volume 
of Water t o 
Volume of Sand. 


Pounds. 


Cubic Feet. 


First spigot... 

81.200 

23.4 

2,028.0 

12.2 

Second Kplgot. 

2:1,280 

17.4 

1,240.8 

10 0 

liiird spigot. 

15,768 

11.8 

1,820.0' 

15.8 

Fourth upigot...1 

2.713 

2.0 

864.0 

69.7 

Overfi<»w.........1 

60,652 

46.4 

18,624.0 

67.7 

Total. 

I 133,512 

100.0 








g 300. RiOJiAuiJS-(’o(i(iiN, OR (^ALUMET CLASSIFIER.—( Sgp Figs. 2Ma-2Sid.) 
•—This is a sloping trough, gradually widening in its length, in the bottom of 
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which at intervals, are placed pockets B, generally four in number, near the 
bottom of which the ore is subjected to the action of the hydraulic water. For 
each pocket the hydraulic pipe C and sj)igot pipe D arc both horizontal and 
their axes are in the same line. By decreasing or incrca.sing the hydraulic 
water, rc.spectively, as much or as little of the sand as is desired will be dis¬ 
charged. In fact the spigot cuts a core from the center of the hydraulic stream, 
leaving the remainder to form an upward current in the pocket. The greater 
the amount of the hydraulic water, the less will be the quantity and the lieavier 
the (juality of the sand which is able to penetrate the walls of this current and 
go out of the spigot. 

As used at Mill 44, the clas.sifier is made of IJ-inch planks and is 14 feet, 
10 iiiehcs long, 8 inches wide at the feed end, widening to 12 inches at the tail 
end. Its sides are llj inches high at the feed end diminishing to 8^ inches at 
the middle of the second ])oekct and continuing 8:J inches to the tail, it has 
four pockets. The length of these are respectively 24, 24, 2^ \ and 20 inches; 
the depths are all 11J inches; the length of the bottoms are 1.1, 11, 111 and 12 
inches. The sides of the pockets and of the trough are all vertical. The dis¬ 
tances between the pockets are 24|, 28-J and 25 inches. Thci^e distances are, 
however, simiily a matter of convenience to suit the position of the Jigs. The 
receiving space E is about 3 feet 3 inches long to give time for the jjarticlcs to 
arrange themselves. The total length is 18 feet, including 9§ inches for the 
overflow spout E at the end. The hydraulic pipes are 1 Ij, 1, and 1 inch in 
diameter and formerly entered through a stalling box (/ on one side, allowing 
adjustment toward and away from the spigot. The best position having been 
found by c‘X|)eriraent, elbows are now used instead of stulling boxes. It was 
found that llie hydraulic C used too much water in the first two poekets. To 
correct this, the size of the opening is reduced to .J inch'by a perforated wooden 
plug which works well. Spigots of the ordinary pipe and plug form are used. 
At one time f, J, ^ -and .J inch diameter for the four, were used. Later, i^, -J, 
f and 3 inch diameter of spigot pipes for the four were found sati.sfactory. The 
plugs are in all cases 2 inches in diameter. The spaces between the hydraulic 
and the spigot pipes are respectively 2^, 2^, 3 and 3 inches for the four. The 
effect of increasing the distance is to let more sand discharge, of diminishing it 
is to make the sorting more perfect even to the point where it ocases to bo 
economical. The centers of the hydraulic and s])igot pipes are IJ inches above 
the bottom. Adjustable shields H of cast iron are attached to the walls just 
over the si>igots to break the upward current and to distribute it near the bot¬ 
tom of tlic pocket so as to loosen up the sand. The shields of the first and 
second pockets are flat and are 6 inches wide and extend 2| inches from the 
wall. Thosi' of the third and fourth are arched with 3^ inches span, and 3j 
inches height extending 3J inches from the wall. The crown of the arch is ex¬ 
tended 1^ inches further and is IJ inches wide. 

Sometimes deflectors extending across the width of the trough, are used to 
force the carrying current down into the pockets and help to keep the sand 
loose. In Mill 26 this deflector extends to within 6 inches of the bottom of the 
pocket and is 3 inches beyond the edge of the pocket. 

This classifier is used for treating steam stamp stuff crushed through a screen 
punched with ^-inch (4.7G-mm.) round holes, or for the undersize of the 
last trommel (see Table 217). For the former it treats 60 to 65 tons in 24 
hours, using 700 to 800 gallons of hydraulic water per ton of ore, and yielding 
approximately; Ko. 1 spigot (J-inch diameter), 20 tons, coarse-heavy; No. 2 
spigot (3-inch diameter), 12 tons, coarse-light: No. 3 spigot (^-inch diameter), 
8 tons, medium; No. 4 spigot (J-inch diameter), 5 tons, fine; overflow, 15 tons, 
slimess Its dimensions, as found in the mills, are shown in Table 217. 
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This is a positive classifier which responds instantly to the hydraulic water. 
It was designed to take the place of the old Lake Superior hog trough classifier 
and was the first positive trough classifier used in this country. It also has the 
advantage that the water from the spigot is discharged under little head, and 
the classifier uses very little mill height. 


TABLE 317. —RICHARDS-COGGIN UYDRAULIC CLASSIFIER. 



(a) Cock on l^<inch pim. (6) Six Inches long', 5 inches wide, 8 inches above bottom, (c) To spigot, (d) 
Depth of layer of water anu sand is 4^ inches, (e) One and ono quarter inches wide. (/) Same as preceding. 


§ 301. The Hvans Classifier.— This is a trough classifier. At Mill 38 
(see Figs. 335a-335f) it is 15 feet 11 inches long with flaring sides. At the 
head end it is 13 inches wide at the toji, 0 inches at the bottom and K! inches 
deep; at the tail end, 16:^ inches wide at the top, 13 inches at the bottom and 
13 inches deep. The slope is 1^ 30', or about J inch (0.378 exactly) per foot. 
For the sorting columns it has four round holes A 4 inches in diameter, and 
standing vertically in these holes are the hydraulic pipes B bringing the water 
from above. Upon these pipes are sleeves C held at the desired height by thumb 
screws D, and at thr bottom of the sleeves are circular horizontal discs E 4;J 
inches in diameter. By elevating or depressing these discs the area of the 
annular opening which fonns the .sorting column can be varied at will. The 
quantity of hydraulic water also can be varied by a valve F. Beneath each 
hole is a pressure box 0 of cylindrical shape, 4 inches in diameter and 9^ inches 
deep. In the side of each pressure box, 3f inches above the bottom, is a round 
hole H IJ inches in diameter for the spigot plug. At distances of 6, 7, 8 and 
16 inches respectively, beyond the center of each sorting column are cross dams 
K 4, 6, 6 and 10 inches high respectively. There is also a cross dam L 3 inches 
high, 8J inches before the first sorting column, which makes a dead box to 
deliver the feed quietly. The sand running through this trough fills all the 
spaces up to the level of the tops of the dams with permanent solid banks leav- 
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ing basin-shaped pockets around each hole in which the separation takes place. 
Ihe slope may be varied either by tilting the whole classifier or by altering the 
neignt of the dams so as to increase or decrease the slope as desired. For uses 
and dimensions as found in the mills, see Table 218. 

• capacity at the Atlantic mill of a classifier of presumably about the same 
size as those in the table, was 66 tons per 24 hours, treating steam stamp stuff 
^ssing through 4.r6-mm. round hole. Thu quality of its work was found at 
Mill 40 to be practically the same as that shown by the sizing test of the Carkeek 
classifier (see § 315) Sizing tests of the products of the No. 1 hydraulic classi¬ 
fier of Mill 38 are given in Table 256. 


TABLE 218.— EVANS HYDRAULIC CLASSIFIER. 


1-9 

i j§-§ 

i 

S5 



FIG. —longitudinal section. 



FIG. —CROSS SECTION. 

§ 302, The Anaconda Classifier (see Figs. 236a-236c), is a later improved 
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form of the Lake Superior classifier (sec §299). The construction is in all 
respects the same as the latter except that the space A between the o^ter /.nd 
inner V troughs is blocked up air tight at the top, by a strip of plank B held by 
horizontal bolts. Tlie cfl'cct of this change is to use the confined air as a cushion 
and to make the classifier much more nearly a positive classifier than is the old 

Lake Superior form. . , . , 

Table 219 gives the practice in the mills. There are a few variations which 
should be noted; In Mills 33, 36, 42, 43 the slots are all longitudin^^^^^ 

and the trough has no obstructions m it. In Mills 39 and 41 the bottom of the 
trough is flat and somewhat wide, the slots run across the bottom, and beyond 
the slot is a dam or riffle. In Mill 39 the bottom of the trough is 3 inches 
thick; the dam between the two slots is 10 inches high and that at the lower cn^ 
is 9 inches high. The dams of Mill 41 arc much lower. .In Mill 39 the planks 
of the outer V are held together by wooden biickstaves 1| inches thick and about 
7 inches wide. Used as No. 1 classifier in Mill 4G the capacity is 58 tons in 24 
hours. 

table 219.—anaconda hydraulic classifier. 

Ahbr.vIatlonB.-rt.=fe..f, hyd,=hydr„ullc; In.=tachCB; J. hutches; No.=number; 0..=ever- 

flowol; tr.=tromrnel; Un.^utulerfitzeof. 
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Ov. No. 1 hyd.l I /V-, 
classifler. n ^ ^ 


fUn.No.2tr.,8.8 
] mm. to 0. ! 

'Un.No.4tr.,8.8; 
mm. to 0. 
Un.No.4tr.,4Hi 
mm. to 0. 


Undorsfee of 
Nn.4tromnielJ 
' 8.2 mm. to 0. 

Un. Nos. 1,8 & 
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J.H.,18me8hto0 

Steam stam p 
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Steam stampi 
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(fc) 




(I) 
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(a) noB.» anu , . c , jq three dlrleione and has altogemer six Biota 

‘**5* d) 0 S at bottom, (ejlB Inches at heed, 19 at taU. (/) A^ul 

andelevOT apigota, (C)» mtura , overllow to No. 1 surface current box classllier. (i) Nos. 1 

ho'-f’nt box elasslfler, (O BpKrota to jigs; 
andSa^goto toji^. No. Spigota to jigs; overflow to No. 1 whole current box clas^er. (I) 

IICT- to No.’l whole ciirr'^e^t box c’lSufler by No. 1 uhwatorer. (m) Spigota to jigs; ovar- 

to ^Sroetableiby No. 1 dlstribuUog tank. 

C W Goodale,*’ in discussing the losses in jig tailings, has given some sizing 
testk showing the imperfections of the classifier work (see §462). 
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§ 308 

§ 303. Thk Tamarack Ci,assifier.— This is a hydraulic classifier with ver¬ 
tical or flaring sides, with flat bottom, with pressure boxes below and with slots 
running across tlie bottom which are of special construction, so that they can 
be varied in width. 

lablc 320 gives the practice in the mills. Special notice should be taken of 
the slots and the hydraulic pipes. In Mills 4(> and 48 (sec Figs. 237a and 
2376), there is a rectangular hole A several inches wide, running across the 



FKJ. 237a.— PART OF I.ONdlTUnTNAL 
SECTION OF TAMARACK CI.ASKIFIKK. 








FIG. 2376.— CROSS SECTION. 


whole widili of the eliissilRU’. Covering this hole is a plate Ji 12 inches long, 
10 inches wide and ;[ inch tliiek. It is so hinged at the down hill side'of the 
hole that when it is slightly raised, it jiresents an adjustable slot facing the 
coming stream and extending the whole width of the ciassifier. It is adjusted 
by a vertical rod C with a nut J) which suspends it from a cross bar E. In 
Mill 47 the hole is 7X1 inches and the hinged plate is replaced by two plates, 
permanently fastened to the bottom, leaving a fixed slot between them. 


TAHI.n 220. —ilETAILS OF TAMABAOK HYDRAULIC CLASSIFIER. 
Aiihrcvia,ti<ms.-Ft. -feet; In -lm;lw»; mm.T;inillinipt<Ts; Stm. ntmp.=SUiam Rtamp. 
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(o) In a IIS inch plug. (6) Spigot* to g-s; overflow to slime tables by No. 1 distributing tank. 


Ill Mills 4G and 48, in order to slacken the current and distribute the pres¬ 
sure equally in the pressure box F, the hydraulic water is brought in through 
stand pipes O 3 inches in diameter with easy elbows r id open tops, which extend 
above the top of the classifier. The hydraulic water is fed into the top of 
these stand pipes by hydraulic pipes H and is regulated by valves. The heights 
of the stand pipes above the spigots and the size of the hydraulic pipes are 
given in Table 221. 
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TABLE 231.— HEIGHT OF STAND PIPES AND DIAMETER OF HYDRAULIC PIPES OB 
TAMARACK CLASSIFIER IN MILLS 4fi AND 48. 


No. of Spigot in 
a Four-8Difcot 
Classifier. 

No. of Spifcot in 
a Six-apipot 
Classifier. 

Heijcbt of Stand 
Pipe above Spigot. 
Feet. Inches. 

Diameter of 
Hydraulic Pijte. 
luches. 

1 and 2 

1 and 2 

2 

4 



B and 4 

2 

0 


3 and 4 

5 and 6 

2 

0 

1 


The amount of hydraulic water and sand for the classifier in Mill 48 when 
treatinfi 7a tons of ore with !)3,G00 gallons feed water in 24 hours, is shown in 
Table 223. 

TABLE 332.- TAMARACK CLASSIFIER IN MILL 48. 



Hydraulic Water Used 
I>er 24 Hours. 

Amount of Dry Prod¬ 
uct Discharged per 

24 Hours. 


(lallons. 1 

Tons. 

First spigot. 

i 10,968U ! 

20 

Secoud spigot. 

10,S69tt 

16 

Third spigot. 


10 

Fourth spig^tt,.. 

5,41fi 

<■ 



20 





§ 304. The Dalton Cla.ssikier. —(See Tigs. 238a-238(;.)—This k a trough 
cla'ssifier and is used in Mill 37 as Kos. 1 and 2 hydraulic classifiers. It has 



fig. 238a. —PLAN OF THE DALTON CLASSIFIER. 



FIG. 2386.— LONGITUDINAL SECTION. FIG. 238c.— 


CROSS SEC¬ 
TION. 


slots A for its three sorting columns, which run across the trough and are 
respectively GXl inch, (ixj inch and fix| inch in section. The figure shows 
only three sorting columns, hut as now used in the mill there are four. The 
height of column of uniform sectional area is inches only, hut thp.se columns 
are cxtendiid upward in a wedge form, widening at an angle of 25° to a height 
of 7f inches. To prevent a troublesome bank forming in this jmeket the open-' 
ing at the top is narrowed to 2 inches wide by a piece of plate iron B which also 
furnishes a little dam for holding hack the sand from passing ton rapidly over 
any given pocket. The width of each of the slots is adjustable by using a cast- 
iron block C for one side of the opening. The figure shows this block only on 
the first slot. This block can be moved toward nr away from the other side by 
lever D and screw E, giving the slot the width desired. Below the slots are 
the j^Bure boxes F, in the sides of which are the hydraulic and spigot pipes. 

















further accomplish this result. The hydraulic water comes in through the 
stand pipe F under about 3-feet head. 

In Mill 15, No. 1 hydraulic classifier of this pattern treats the undersize of 
No. 3 trommel, 2.3-mm. round hole, and sends spigot products to jigs and over¬ 
flow to No. 1 surface current box classifler. 

Mill 28 No. 1 hydraulic classifier (see Pigs. 240a-840c), is a modification of 
the Yeatman dassifier in which the pleasure box is hopper shaped and the two 
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nd walls of it are double walls with a space between, in which the hydraulic 
K«.\]n mes. The heavy sand falls into the inner hopper A and passes out 
thiongh two end spigots BB, two side spigots CC, or out of all four. These 
spigots have plugs and nipples in them. This device prevents sand from fall¬ 
ing into the hydraulic pipe D. The classifier treats the undersize of No. 3 
trommel with 3-mm. round holes, and delivers products of the spigots to jigs 
and overfiow to No. 1 surface current box classifier. Sizing tests of the products 
of this classifier are given in Table 253. 

§ 306. Other Hopper-Shaped Shallow Pocket Classifiers.— In Mill 17, 
hopper-shaped shallow pocket classifiers are used. No. 1 classifier has one hop¬ 
per-shaped pocket (see Figs. 841o, 2416). This is fed with the undersize of 
No. 4 trommel 2 mm. in diameter. The spigot product goes to a jig, tlio over¬ 
flow to No. 2 hydraulic classifier. No. 2 hydraulic classifier has two hoppers. 



IIVDUAnLlC CIASSIFIER IN MILL 17. FIO, 

2426. —PLA.N. FIO. 242c. —section AB. 


One is square, the other oblong, the latter having a slot for its sorting column 
(see Figs. 242a-242c). It is fed by overflow of No. 1 hydraulic classifier. The 
spigots and overflow all go to jigs. 

^e No. 2 hydraulic classifiers of Mill 48 are shallow pockets with sides 
drawing together and a T and plug discharge below, placed in the aprons feed¬ 
ing the No. 1 jigs. The material which this treats is the first spigot product of 
No. 1 hydraulic classifier (4.76 mm. maximum size), and the hydraulic is so 
regulated as to draw from the spigot a highly concentrated copper product and 
thereby lighten the work of the No. 1 jigs. 

§307. The Fekrap.is Clarsifier is used at Monteponi, Sardinia. It con¬ 
sists of a pipe P6' mm. inside diameter, 22 meters long. The first 3 meters of 
length bends by a gentle curve from vertical to horizontal with a fall of about 
1.6 m. The remainder is horizontal and straight. Lateral bends would make 
eddies #hich would interfere with the working. At intervals, suitable for the 
lies and tables, the sorting columns (see Fig. 243), are placed, taking can not 
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to put any two too cloae to each other, 1.2 m. center to center being the least 
distance shown. The sorting column consists of a vertical cylinder A flaring 
at top and bottom, a removable spigot B having its hole tapering toward the 
bottom, with hydraulic water fed into the annular space U around the sorting 
column and brought into contact with the pulp by an annular opening below. 
It is fed with the undersize of a 5-mm. screen and delivers eight spigot products 
to six jigs and two bump tables, the overflow going to a settling tank outside 
the mill. It receives 240 liters of pulp per minute, containing not over 17.5% 
of solid material which is the maximum per cent, the tube will carry without 
choking. The first pocket uses 60 liters hydraulic water per minute, of which 
40 go down and out, while 20 rise, lifting grains of 2 mm. diameter. The 
last pocket uses 15 liters hydraulic water, of which 12 go down and 3 go up, 
lifting grains of 0.1 mm. diameter. The others are graded between the two. 
The spigots range from 16 mm. diameter for the first products to 8 mm. diame¬ 
ter for the last. The total hydraulic water is 300 liters per minute. The advan¬ 
tages claimed are compactness and the case and small cost of replacing the 
wearing pftrts. 

§ 308. The Riciiaeds Shallow Pocket Hydeaulic Classifiee, designed 
by the author, consists of a rectangular trough e (sec Pigs. 244a-2i4c), with 
pockets 6 in the bottom and adjustable gates c dipping into them to check the 
heavier grains over each sorting column d in series. The sorting columns con¬ 
sist of vertical iron pipes d of a height sufficient for clean work—about three 
times their diameter. Screwed to these pipes are vortex fittings f, giving a 
whirling motion to the hydraulic water admitted at h, and pipe and plug spigots 
g, to discharge the products. These hydraulic appliances, shown in section in 
Figs. 244d and 244c, require fins w and x to arrest the whirling motion below 
the vortex f and at the top of the pipes d, respectively. The top fins x are 
needed only when sorting fine grains. 

The sorting columns d, arc furnished with rotation to give helical paths to 
the aaecnd”ig water currents, which abolish any tendency toward downward 
currents at one side, carrying light grains into the spigot product or strong 
upward currents on the other side, lifting over grains which should be allowed 
to settle. If any difficulty is found from too light grains descending in the idle 
center of d, the difficulty is ovi'rcome by suspending a core in this space. Other¬ 
wise the core is noi used. The diameter of the sorting eoluiini must be large 
enough to lot the grains, destined for the spigot, pass down without having too 
large a percentage of sand over water in the column at any given time. 

Since data upon the complete study of the action of classifnirs used in the 
mills are not at hand at this writing, the author will enter at some length upon 
computations in regard to this classifier. The laws and proportions doduoed 
will be, in the main, true of all classifiers. The quantities and sizes are true to 
the best of the author’s belief, although they have not been proved by .experiment 
in all cases. 

The basi.o on which the computations are made is: (1) That an ore of 3.00 
specific gravity with a gangue of quartz, specific gravity 2.64, is being treated; 
for example, an ore carrying 74.5% of quartz and 26.5% of pyrite, specific 
gravity 6.0, would have a specific gravity of 3.00; (2) that one volume of sand 
will everywhere need at least ten volumes of water to carry it in the trough, in 
the sorting columns and in the spigots, this figure bein" based on the ratio shown 
by Munroe in Tables 216 and 216 of Lake Superior hog trough classifier; (3) 
that sufficiently universal for adoption are McDermott’s figures on the capacity 
and yield in tons, of a Calumet classifier, treating material that has passed 
through a ^inch (4.765-mm.) diameter round hole, at the rate of 60 tons in 
24 hours, and having an overflow with 0.01 inch (0.254 mm.) maximum diame- 
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area of square inches or 3,087 sq. mm. (inside section of a 2-|-inch pipe), 
is sufficient for all the four sorting columns of the average vertical current classi¬ 
fier used in the mills to treat the above amount. This last figure is based upon; 
Mill 39, No. 1 sorting column, 4X| inch or 2 square inches; Mill 40, No. 1 
sorting column, 4XJ inch or 3 square inches; Mill 42, No. 1 sorting column, 
4X1J inches or 5 square inches; Mill 43, No. 1 sorting column, 4X1 inch or 
4 square inches; Mill 4G, No. 1 sorting column, 9xj inch or 4.5 square inches; 
Mill 47, No. 1 sorting column, 7X1 inch or 7 square inches. In regard to the 
sizes of the second, third and fourth sorting columns of the above six mills, 
three hfive tin: areas in a decreasing series, one has the same size for all columns, 
the other two arc slightly irregular, hut average up about the same throughout. 
For reasons which will be given later, the author has adopted the same area 
throughout for all his sorting columns. Owing to the fact that the helical 
path is longer than the direct path and the sorting column itself is longer than 



those of the abo\e vcudical current chnssifiers, a 3-ineh pipe (sectional area 7.388 
square inches or 1.766.5 sq. mm.), and vortex is a.s,sumed fo he needed in this 
classifier instead of a 2|-inch pipe. An ore with lighter specific gravity than 
3.00 (that of the assumed ore), will have more volume and will require an 
increase in sectional area of the sorting columns in inverse ratio to the specific 
gravity or else the capacity of the classifier in tons will have to be reduced 
directly as the specific gravity. 

Using the above facts and the average velocities of settling of quartz computed 
from Tabic 262, Table 223 has been calculated. Two columns for the amount 


TABLE 223. —jrEAtIT’nEa OF A FOnn SPIGOT HYDIIADLIC CLASSIFIEK WITH SORTING 
COLUMNS OF 3-INCII PIPE. 


Product. 

Range of tho 
Diameters of 
the Quartz 
Grains in the 
Product. 

Direction 
of Move¬ 
ment of 
Grains. 

Amount 

of 

Product 
per 24 
Hours. 

RlsingVe- 
locity of 
Water In 
Sorting 
Column 
per Sec¬ 
ond. 

Velocity of 

Settling of 
Largest 
Grain of 
Quarts per 
Second in 
the Sorting 
Column. 

Amount of Rising 

Woter per Minute. 

Amount of 
Product per 
Minute. 

Amount of Wa¬ 
ter from spig¬ 
ots per Minute. 

Neglect¬ 
ing the 
Sand in 
Sorting 
Column. 

AJIowiog 
for Sand 
in Sorting 
Column. 


Mm. 


Tons. 

Mm. 

Mm. 

Kilos. 

Kilos. 

Kilos. 


Flrat spfeot.. 

4.70R to 2.289 

Fall. 

» 

218 

236 

62.85 

54.67 

12.68 


Second 


Fall. 

18 


114 

29.74 

26.18 

7.R9 


Third spigot... 


Fall. 

8 

57 

47 

16.S0 

12.22 



Fourth spiOTt. 

0.P29 to 0.254 

Fall. 

6 

se 

ai 

7.48 

5.67 

S.16 

10.68 



Rise. 

15 





9.47 
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of rising water are given. The first makes no allowance for the volume of sand 
in the water of the sorting columns. In the second the^ volume occupied by the 
sand has been computed assuming that the mean velocity of the falling grains 
in the sorting column is half that of the fastest grain. 

With the adjustments indicated in the table, and taking into account the 
volume of the sand in the sorting columns, the quantities will be as follows: Ore 
treated per minute, 37.88 kilos (60 tons in 24 hours); feed water per minute, 
126.27 kilos; rising water per minute, 97.50 kilos; spigot water per minute, 
94.73 kilos; total water per minute, 318.59 kilos; amount of water per kilo of 
ore, 8.410 kilos; carrying current of water reaching first sorting column per 
minute, 126.27 kilos; carrying current of water reaching second sorting column 
per minute, 180.84 kilos; carrying current of water reaching third sorting 
column per minute, 205.97 kilos; carrying current of water reaching fourth 
sorting column per minute, 218.19 kilos; carrying current of water reaching 
overflow per minute, 223.86 kilos. ■ 

§ 309. In regard to the sizes of the spigot pipes, thooretiea'ly, the diameter 
of the spigots to discharge any given amount will depend upon the head of 
water. The column of water pressing at the aperture of this classifier, will be 
about 20 inches high and will, theoretically, deliver water at a velocity of 10.3 
feet per second. Using a coefficient of efflux of 0.75* we have a velocity of 
7.725 feet (2,354 mm.) per second. Computing the areas of spigots which will 
discharge the volumes, including weight of water, plus weight of ore in Table 
223, we find that the diameters of pipe must be: 20.4 mm. for first spigot (about 
H inch) ; 15.8 mm. for second spigot (about f inch); 12.9 mm. for third spigot 
(about i inch); 10.2 mm. for fourth spigot (about || inch). Since the assump¬ 
tion of ten volumes of water to one volume of ore is a liberal allowance, it follows 
that a tempoiary increase in sand can be carried for two reasons: First, because 
the spigot can discharge more sand in proportion to the water, and second, the 
water so crowded out of the spigot, rises in the sorting column and causes the 
sorting to be more cleanly done. In case of an extraordinary flooding of the 
classifier with sand, the plug can be momentarily withdrawn, as is done with 
all classifiers having pipe and plug spigots of this class. 

The above spigot pipes conform nearly to those that are used in practice, as 
shown in Table 224, only they are graded exactly, according to demand, and to 
save water instead of being made according to pipe sizes. In every case the 
diameter of the spigot in order that the grains shall not stick should bo at least 
three times the diameter of the maximum grain that it has to discharge. In 
most instances the diameters will have to be larger than that, to be able to dis¬ 
charge the required quantity. 

TABLE 224.— ^diametehs of spigots in some of the mills. 


MiU No. 





89 

40 

4S 

48 

Inches. 

Inches. 

Inches. 

I 

InchPB, 


M 

8 

H 

96 

48 

% 


8 

8 


Eefcrring to Table 223, it will be seen that while the last spigot only dis¬ 
charges J as much sand as the first, the rate of settling of this last product is 
about i that of the first product. It follows that with sorting columns of the 
same area, the pulp in*the last column will have to be about twice as thick as 

• Trsutwlne, C3v. Kna. Pocketbook.” 
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that in the first column. It does not, therefore, seem wise to diminish the ariSaiB 
of the later sorting columns and thus require the pulp to be thicker still. 

For comparison with the 3-inch pipe for sorting column which is adopted 
in the above discussion, Table 885 has been computed to show what the yield 
would be if smaller or largiT pipes were used for the sorting columns. The 
mill work on otlier classifiers together with laboratory tests on small sizes of this 
classifier indicate that these figures can be reached. The classifier, however, to 


TABLE 885.— ESTIMATED CAPACITIES OF THE RICHARDS CLASSIFIER WITH DIFFER¬ 
ENT SIZES OP SORTING COLUMNS. 


DeBigoatlon of Product. 

Diameter of 
Ma 'cimuizi 
Orair of Quart* 
in i’roduct. 
Mm. 

1 Diameter of Sorting Columns, in IncLcs. 

2 

m 1 iH 

2 


s 1 SH 1 

4 

1 Products Yielded per 24 Hours, in Tons. 

First ^Igot. 

Second spigot. 

Third spigot.. 

Fourth spigot... 

OverQow.... 

Total.. 

4 rfiS 

2.2H9 

1.100 

0.529 

0.254 

2.33 

1.40 

0.98 

0.58 

1.75 

4.05 

2.43 

1.62 

1.01 

1 S.M 

6.52 1 
3.31 ' 
2.21 ! 
1.88 : 
4.14 

9.09 

6.45 

8.G.3 

2.27 

0.81 

18.0 

7.77 

6.18 

8 24 
9.72 

20 

12 

S 

5 

15 

26.S 

16.1 

10.7 

6.70 

20.1 

84.5 

20.7 

13.8 
8.62 

25.0 


6.99 

: 12.15 

10.56 ^ 

27.26 1 

33.91 

CO 

80.4 

103.62 


do those amounts has to sacrifice the quality of the work. For o.Namp]e tests 
have been made on some lirnonite tailings from Mill 5. These were almost 
all below 1.5 mm. in size and almost all of the fines had been removed so that 
the feed contained Ic.ss than 107 o below 0.159 mm. Estimating from Table 
885 it seems that a 1^-inch sorting eoluinn ought to treat this stull at the rate 
of perhaps 5 tons in 8-1 hours. Table 88C gives the quality of the work for 
dilTerent rates of feed and shows how the quality improves with the slower 
rates of feed. I’hc one current tubular classifier in this table is taken as stand¬ 
ard of veiy nearly perfect work. In no case was there anything in the spigot 
product below 0.159 mm. “ 


TABLE 88C.— RESULTS OF CLAS.SIFYINQ LIMONITB ORE. 



Richards’ Classiflor with l)4-inch 
Sorting Column. 

A One-Current 
Tubular Clam 
sifler. 

Rate of feed In tons per 24 hours. 

l.OfI 

40.28 

80 

48.48 

0.9 

0 

2 11 
40.28 

35 

47.83 

0.9 

0 

3.17 

40.28 

82 

48.26 

0.6 

0 

6 31 


Analysis of feed in per cent iron. 

Amount of spigot product In per cent., .. 

Analysis of spigot iti per cent, iron. 

Per cent, of .spigot tltrough 0.,371 on 0 270 min. 

Per cent, of spigot tiirougJj 0.270 on 0 I.IO mm. 

40.28 

37.6 

46.95 

4.1 

1.2 

40.28 

89 

48.21 

0 5 

0 


For use in this work, T.-ible 287 has been computed to show the dimensions in 
millimeters of various sizes of iron pipe. 


TABLE 887.—IRON PIPE, 


Trade Siz( 
of Pipe. 

Inside 

DiaiiioLcr. 

Inside Aren. 

Inches. 

Inches. 

Mm. 



0.270 

6.858 

86.95 


0.364 

9.146 

65.69 


0.404 

12.55 

123.72 

C 

0.623 

10.055 

194.65 

1? 

0 824 

20.935 

844.25 


1.048 

26.62 

550.62 


1.880 

85.055 

905.4 


1.610 

40.92 

1,816.4 

2 

2.067 

52.505 

2,165.5 

m 

2.468 

62.69 

3,087.2 

8 

8.067 

77.90 

4,706.6 


8.548 

90.12 

6,880.5 

4 

4.026 

102.27 

8,215.6 


Outside Diameter. 

Outside Area. 

Velocity per 
Second due to 1 
Kilo of Wat«r 
per Minute. 

Inoh«3. 

Mm. 

Bq. Mm. 


0.405 

10.29 

63.16 


O.MO 

13.72 

147.8 


0.676 

17.16 

231.0 


0.840 

21.84 

857.7 


1.060 

26.67 

566.6 


1.815 

88.405 

876.4 


1.060 

42.17 

1,896.7 


1.900 

48.266 

1,629.6 


2.375 

60.33 

2,a*)8.6 


2.876 

73.04 

4,190.0 


8.600 

88.90 

8,207.2 


4.000 

101.60 

8,113.5 

2.6 

4.500 

114.82 

10,264.6 

2.0 
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In regard to the proportions of the pockets in the trough, the depth, the 
widtli and the space between the gate and dam should all be not less than twice 
the diameter of the sorting column. The gate should dip at least one inch 
below the level of the top of the dam to prevent coarse stuff from passing over. 
The area between the gate and the dam is preferably square and its size is cal¬ 
culated so that the carrying current plus the hydraulic water will have a velocity 
about equal to the rising velocity of the water in the sorting column. For 
example the second pocket has a carrying current coming to it of 180.84 kilos 
per minute and a hydraulic current of 25.13 kilos, total 205.97 kilos. To give 
this a velocity of 104 mm. per second (the velocity in the second sorting column) 

,, ,, , ,. .205.97X1,000,000 „ 

it must have an area of cross section of- „ — or 33,008 square mm., 

104X60 ^ 


which corresponds to a square of 182 mm. or about 7 inches. This rule would 
give the third and fourth pockets such great size and lose so much head that 
less dimensions are used. Precedent for this is found in the classifiers in use 
in the mills. The area between the gate and. the entering side of the pocket 
should increase from the first to the last pocket somewhat faster than the volume 
of the carrying current increases. The slope of the troughs between pockets 
should be \ inch per foot. This will also be sufficient for the feed-sole except, 
where the ore is heavy or coarse in which case a greater slope, even up to 3 
inches, may have to be used, or else the quantity of carrying current will have 
to be increased beyond the ratio of 10:1. The capacity of the classifier de¬ 
creases in proportion to the size of the feed. Thus if the stuff w'as 2.289 mm. 
maximum size, then the capacity of a classifier with 3-inch sorting columns would 
be reduced by 20 tons (the amount of the first spigot product in Table 225), 
leaving a capacity of only 40 tons. 

Table 228* shows a sizing test of Newfoundland chromite ore with serpentine 
gangue, crushed by rolls through 20 mesh and sorted iu small Richards hydraulic 
classifier with three spigots. This classifier probably did us good work as can 


TABLK 228.— SIZING TEST ON PliODUCTS OF IlICIIAUnS IIYDUAULIC CLASSIFlEIi. 



Feed. 

First Splint. 

Keeood 8 pi{i( 0 t. 

Third b'pijrot. 

Overflow. 


% 

i 

i 

i 


On 20 tnefih (aV. • ... 

0.41 


0 0 

0.0 

O.fl 


20.55 

1 13.55 

7 21 



Through 30 on 40 meah. 

14.84 

' C.42 

8.02 

0.26 

0.05 

Through 40 on fiO moah. 

18.80 

8.73 I 

6.51 

0.C4 

U.07 

Through (Won fiOmesh. 

0.87 


7.»3 

1.19 

0.18 

ThrouEfh 60 on 80 meah...... 

9.05 

0.68 

3.87 

2.09 

0.07 

Throuffh 80 on 100 mesli. 

' 10 03 

• 0 20 

8 80 

6.10 

0.59 

Throujfh 100 on 190 mesh. 

1 8.59 

) 

0.38 

1.42 

0.10 

Through 180 on 140 meah. 

Tbroug(b 140mesh .. 

4.08 

1 15.25 

V 0.10 

[ 0.73 

6.52 

J 0.05 

;1 15.01 

Total.. .... 

loo.oe 

26.10 

40.29 

17.29 

10.09 




90'. 

77 



(a) For actual sices of holes in these sieves see Table 258. 


be expected of a commercial classifier. The average grain of the first spigot is 
30 mesh, that of the second is between 40 and 50 mesh, that of the third is 
between 80 and 100, and that of the overflow finer than 140 mesh. 

Figs. 244/ to 244/t show an annular form of the Richards classifier which is 
used to treat all the limonite tailings in Mill 5. During a particular run of 
seven days it treated 51.5 tons per 24 hours of stuff which had not over 
larger than 1.5 mm. and less than 10% smaller than 0.159 mm. The feed con¬ 
tained 42.08% iron, the spigot product or concentrates which amounted to 26.19 
tons per 24 hoars contained 45.56% iron and the tailings contained 38.47% 
iron (see also Table 226, giving resalts of laboratory tests on another batch of 
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I'-Ki. a-l-l/-— VJSUTK'AI- section of ricuaeds annular classifier used in mill 5. 



FJO. S 14//.— HALF J'J.AN showing top of coke and circular overflow trough. 



FUsi* aO'l Mt oUols 10 fft 
•uoiard I'ptp* 


no. 344^. —section AB. 
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3-iiioh pipes. Another notable feature is the spiral-shaped Tortex 0 which giTes. 
the same velocity in all the jets U. 

. II. Tue Deep Pocket Uydraulic Classifibeb. 

§ 310. General. —Those are used in 7nany instances to do the same work as 
the shallow pocket classifiers, but as a rule, the stuff fed to them is finer, and 
the pockets are of considerably larger size and connected by troughs or launders. 
The pockets are graded in series, the earlier being smaller, the later larger. In 
them the volume of the pocket is so large in comparison with the section of the 
carrying current in the connecting launclcr, that the opportunity for retardation 
is enormously increased, proliably far beyond the necessities of the case. They 
are made in a variety of forms. 'I'lu'y may be cones of plate iron, cast iron, or 
vitrified cliiy, V boxes, rectangular boxes, or hopper-shaped boxes (pointed boxes), 
all of wood. In them, moderately fine malenal is subjected to the action of a 
hydraulic current, the province of which is to prevent the lino .slime from enter¬ 
ing the carlau- singots. Tlicso appliances arc none of them really satisfactory 
in their action. There is a fundamental dillioulty in their way xvhich prevents 
good work, which depeiuLs ujion the fact that the hydraulic current, after rising 
through the sorling column, enlarges rapidly in area and hence decreases in 
velocity. If they are run on Kittinger’s spiLzka,^lcn principle, that is, fed with 
a horizontiil curn-nt on the basis that the heavier grains wdl settle out and the 
lighter grains overflow, a body of material will report at the sorting column 
below, made up of two classes of grains, those that are heavy enough to face the 
hydraulic ciirnmt. and those that are not. The. former will descend and go out 
at the spigot as they should; the latter will fail to go out, but since these are 
heavy enougli to .settle in the box, but not heavy enough to go out, they will 
collect until a considerable baidc forms which will either have a convulsion and 
go down in a mass into the spigot, where it does not belong, or it will stay and 
paralyze the work of the apparatus. Either is bad. 

The us.ial way of overcoming this unfortunate condition of things is to give 
up the Itittinger horizontal current and u.sc instead a plunging current, which 
continually descends to the bottom, breaks up the bank and keeps the whole pulp 
continually stirred up. The grains which would naturally form the bank are 
forced to rise and go over into the next compartment. Dut this advantage is 
gained at the exjiensc of poorly cleaned spigot products, some fines being carried 
down hy the plunging current. 

^311. Browne Hydrometric Conical Sizer. —(See Figs. 245tt and 2456.) 
—This is a classifier in which the carrying current is allowed to fall nearly verti- 
oally into the first of a series of four cones A connected by .short launders or 
troughs B. It then pusses in succession over the second, the third and the fourth 
cone. The sorting (olumns C are it the apices of the cones and are short, 
vertical pipes up through which the hydraulic water passes. For each cone one 
dial cock D 'urni.dies a graduated quantity of hydraulic water, and a second 
cock E regulates the quantity of water to be lot out with the sand through the 


TABLE 22!).— DIMENSIONS OF BROWNE SIZER. 


Number of Cone. 

id 
« o 

an 

3 

vO 

P 

a® 

“S 

U 

Diameterof 

Hydraulic 

Pipe. 

o,Si 

eo ^ • 
(=CO ® 

mA 

to 

fl M 

pi 

ill 

° 60 = 
ffl 

|md 

Height of 
Vertical 
Sides on 
Cone 


Drop to 
Next Cone 


In. 

13^ 

15 

In. 

2% 

In. 

|In. 

In. 

8 

In. 

In. 

Inches 

Inches 

In. 


2% 

8 


2 

6 

eii 



16^ 

IB 


13^ 

i4 

2 

ILZ 

a 

5 



Fourth... 

15 


8 

114 
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4 
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spigot. These three parts are connected by tec fittings. The dimensions of the 
apparatus are given in Table 239. 

The cones and connecting launders are made of vitrified clay inches thick. 
The sorting columns, tees, spigots, and hydraulic pipes are all of iron. No de¬ 
flectors arc used. The overflows of the last three cones arc on the same levels 
as their feeds. The whole fall from the top margin of the first cone to the 
outlet of the fourth spigot is 2 feet 9^ inches. 

This classifier is designed for pulp passing through a 30-mesh screen, and it 
should not be required to deliver its finest spigot with maxiiniim grain finer 
than 100 mesh. It is claimed that it docs its best work in preparing pulp for 
Frue vanners. On the other hand, mill men do not favor using classifiers before 
vannors, on account of the dilution of the pulp, and of the fact that they intro¬ 
duce a serious element of uncertainty into the rate of feeding. 

The manufacturers recommend one set of cones for 10 stamps, to treat 15 to 35 
tons per 34 hours. One set of four cones at the Columbia mill, Marshall Basin, 
Colorado, treats 30 to 35 tons of stuff crushed through 20 mesh per 2-1 hours. 
Bernard McDonald reports a set of four cones treating 30 tons of stuff through 
30 mesh per 24 hours. Ho uses a dead box to feed the ore quietly to the first 
cone. For the spigots he uses a piece of ho.sn 2 inches in dinmclcr, with a clamp 
attached, to replace the dial cocks which soon Ijccome leaky from wear. He 
gives sizing tests of the spigots, as shown in Table 230. This cannot be said to 


TABLE 330. —STZINO OF PKODUCTH OF BROWNE SIZER. 





Third SjilgoL j 

Fourth Spigot j 

[ Overflow. 


Weights of the Products In Pounds per Twenty-four Hours. 


1 16,SCO 

14,400 

1 14,986 

1 6,120 

1 7,073 


1 

Siting Test of Products. 



6.44 ! 

8.7S< 





8.68* 

6.85 

2.89* 

2 07 i 


Through tiO on 80 mesh. 

5..'tS 

4.K9 

0.23* 

ThrouKh 80 on lOfl mesh. 

7.07 

13.64 

13.38 

« 91 

C.87 

Tiirou^h \(i} on 120 . 

11.M 1 

10.92 

10 44 

24.20 

1C.25 

Through 120 on 150 niesli. 

1 

10.89 

20.32 

21.24 

16.71 

Through 150 mesh. 

62.65 

ftl..50 

32 42 

89.77 

69 05 


100 01 

100.01 

99.99 

99 96 

100 01 


be good classification, for the average diameter of grain in the first spigot 
product is smaller than that in the second, and further, the first spigot contains 
too much fines and the later spigots too much coarse material. This is probably 
a fair illustration of the imperfection of the deep pocket classifiers. 

Mill 86 URe.s a Browne Hydrometric Conical Sizer which has but three cones 
with inner diameters 13^, 14^ and 16 inches respectively. It is fed with the 
undersize of No. 5 trommel with square holes, 0.0345 inches (0.88 mm.), or 
practically, ^ inch. The three spigots go to Nos. 1, 2 and 3 Gilpin County 
bumping tables respectively. The overflow goes to a canvas table 6x10 feet, 
but it is too variable for good work on account of imperfections in the mounting. 

§312. In Mill 18, No. 1 Hydraulic Classifier has two cones A and B 
with 60° angle (see Fig. 246). The first is 2 feet 6 inches, the second 4 feet 
6 inches in diameter. The third cone C, which follows, having no hydraulic, 
is described ill another place (see § 334). The application of the hydraulic in 
these two cones is by placing a small cone B near the bottom, rising vertically 
toward the apex of which is fed the hydraulic water E. The effect of this 
arrangement is to make a pressure box of the space beneath the little cone and 
a sorting column of the annular opening J inch to 1 inch wide between its base 
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and the wall of the large cone. The heavier grains which pass down are dis¬ 
charged at the spigot 'below. The concis arc fed through steeply sloping feed 
soles, the ends of which are elevated 5-inehes above the level of the overflows. 
The little inverted cone was mounted on a vertical shaft with a pulley 0 for 
applying a rotary motion to it, but the rotation was giver! up. This classifier 
is fed with the undersize of No. 4 trommel with 10-mcsh cloth screen and holes 



FIG. ;M(a. — PLAN OF NO. 3 IIYnRAWLIO 
CLASSIFIKK IN MIl.I, 85. 



1' T 


FIG. 247/;. —LONGITUDINAL SECTION. 

0.051 inch (1.30 mm.), in size. It delivers spigots to jigs and overflow to No. 1 
whole current box clas.sifier. 

§ 313. Rittingbr’s Pointed Boxes with Ascending Guerent"' consist of 
a scries of pointed boxes in each of which there is a vertical descending hydraulic 
water pipe widening into a mushroom shape at its lower end, forming a pent-up 
space or pressure box beneath it and an annular sorting column around it. 
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In Mill 85, No. 2 IlYDRiULic Classifier (see Figs. 247a-247c), has two 
deep hopper-shaped pockets whieh are built in a V-shaped trough with sides 
widening from the feed end toward the tail end. Each pocket has a 1-inch T 
and plug discharge below. It is fed with battery pulp after it has passed over 
amalgamated plates. The spigot products go to bumping tables and the over¬ 
flow to waste. 



FIO. 248a. —PLAN OF A HYDRAULIC CLASSIFIER PROM LINKENBACII. 



FIG. 248?l. -LONGITUDINAL SECTION. FIO. 248c.— -CROSS SECTION ON AB. 

Linkenbacii describes a classifier for treating 1^-0 mm. stuff at the rate of 
800 liters pulp per minute (see Figs. 248fl-248(:). 

Linkenbach also gives a device for saving height by using two series of six 
hoppers each, side by side, instead of one series of three. The total width and 
capacity are the same as in the last, but the height is only half as great. The 
Nos. 1 and 2 spigots of both sets go together, the Nos. 3 and_4 also, and the 
N*. 5' and 6, making therefore three products as in the preceding case. 
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Wknulish and Lowfj’s CLABsiriEH consists of five pointed boxes differing 
from tlio last in having long vertical, tubular sorting columns and T and plug 
or goose neck spigots. It treats l|-min. pulp from gravity stamps at the rate 
of 1,080 liter's per niinule, conlaijiing 18.2 kilos of solid material, and yields: 
First spigot, K!..') liters per minute, containing 4.9 kilos solid material; second 
spigot, 72.0 liters per minute, containing 3.1 kilos solid material; third spigot, 
t)5.2 liters jicr minute, containing 2.1 kilos solid material; fourth spigot, 45.0 
liters per minute, containing l.tio kilos solid material; fifth spigot, 39.3 liters 
per minute, containing 1.3.5 kilo,s solid material; overllow, 782 liters per minute, 
containing 5.20 kilos solid material; total, 1,080.0 liters per minute, containing 



FJQ. 2 I0«.— I'I..1N OF NO. 1 llYDliAULIC CI.A.SSIFIFR IN MILL 21. 



18.20 kilo-, solid material. 'I'lie ore was from the llimmelfahrt-fund mine at 
Freiberg, and eoiitaiiied argi'ntifernus galena, blende, iron pyrites, copper pyrites, 
arsenical jiyrites and rpiartz. 

In .Mill 2t. No. 1 11 vdhaulk’ Flasbifier eonsist.s of three rectangular hop¬ 
pers, eaeli one ia.ger than its predi'cessor (see Fig. 249(!-24i)c). It is fed by the 
undi'rsir.e of No. 3 trommel, 12 mesh with t).()48-ineli (1.22-mm.) hole and 
treats from 18 to 28 tons in 24 hours. The first two spigot products go to jigs, 
tlie third to a slime table and the overflow to waste. The overflow is 5% of the 
total tailings of the mill. 

Till' No. 2 hydraulic classifier of Mill 21 consists of 
one hopper, 3 feet siiuare and 32 inches deep. The sides 
are vertical for 3 inches from the top and then slope 58“. 
1 i receives from a Huntington mill pulp which has passed 
through a .slot inch (0.(135 mm.) wide, at the rate 
of 15 tons per 24 hours. Its spigot is divided between 
No. 5 and No. ft jigs and its overflow goes to slime tables. 

In Mill 87, No. 1 Classifier (sec Fig. 250), is a hop¬ 
per 30 inches long, 24 inches wide and about 21 inches 
deep, coming to a short edge below, with a vertical rising 
hydraulic pipe G 1 inch in diameter, and three side n'p- 
ples for the spigots. One A is of 1-inch pipe close to the 
hydraulic, the other two B are of 2-inch pipe G inches 
above the hydraulic. The apex angle of the hopper 
is about GO degrees. It is fed with the undersize of No. 4 trommel, 12 mesh. 
The spigots go to jigs and the overflow to vanners. 



OP NO. 1 IIY- 
DllAULIC CLASSI- 
FlliR IN MILL 87. 
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§314. In Mill 24, No. 1 Classifieb (see Figs. 25]a-251e), consists of a 
rectangular part, 29 inches long, 14 inches wide and 14 inches deep, with two 
hoppers in the bottom, each 14^ inches long, 14 inches wide and 10 inches deep. 
The sides of the hoppers slope 55° and the ends 53°. The feed launder A is 
7 inches wide and 10 inches deep, entering, therefore, 4 inches above the lop of 
the hoppers. The overflow spout B is 7 inches wide and 12 inches deep, or 2 
inches above the top of the hoppers. At 10 inches above the apex of the first 
hopper, or at the level with the top of the hopper, is a rose C (see also P'ig. 251c), 
consisting of a T end to a vertical 1-inch hydraulic pipe, and running across the 
current, having seven jets discharging vertically downward toward the apex of 
the hopper, in which is a cast-iron block V IJ inches thick, to take the wear. A 
vertical baffle plate, E ninning across the .separator fi inches from the feed end, 
extends down to the top of the first hopper. The second hopper has neither 
hydraulic nor baffle plate. The first hopper has two di.scharge spigots F f inch 
in diameter with centers 3J inches above the top of the iron block. The second 
'has one spigot 0 1^ inches in diameter, near the apex. The classifier is fed with 
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no. 251 0 . — PLAN OF NO. 1 TIY- 
DEAULIC CLASSIFIER IN MILL 24. 
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FIG. 251c.— ROSE. 


the undersize of No. 3 trommel, 3 min.-O, and sends its three spigots and one 
overflow to jigs. 

In Mill 88, No. 1 Classifier (see Figs. 252a-253c), is a hopper-shaped 
box with a flat bottom. The pressure box A is partitioned oil below by four 
shields B mitered together at the corners, sloping at a less angle than the sides 
of the hopper. Between these four shields is left the slot C for the sorting 
column. The, hydraulic is of f-inch pipe, and two spigots are used, | inch and 
J inch in diameter re.spectivcly. The overflow current is confined between the 
wall of the hopper and a shield D placed parallel to it and extending to a dis¬ 
tance of 12 inches below the surface of the water. This aids in the prevention 
of the formation of a bank by lifting out heavier particles than would otherwise 
rise. The feed is the undersize of No. 3 trommel, lO-mesh wire cloth. The 
spigots go to jigs, the overflow to No. 2 hydraulic clasifier, which is like this, 
except that it has only one spigot of ^-ineh pipe, which delivers its product to 
a jig. The overflow l8*tised as feed water for stamps. 

TheJ^o. 3 CLA.ssiriER OF Mill 88 differs from the preceding in that it is, 
fed at both ends and overflows at the middle of one side (see Figs. 253o-258c), 
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The slot is GXJ inch. It is fed with pulp from stamps through j*j-inch 
(0.635-mm.) screen and it delivers its spigot to a jig and overflow to a vanner. 



lIYDKAUi.lO CLASSIFIEU IM 
MILL 8)S. 




SECTION. 


In Milt, .‘l.n, No. .‘i livniiAUi.io Cla.ssifier i.s a hopper Si3 inches square at 
the top, 4 it cites stutare at the bottom, and 21 inches deep. 'I’hc overflow spout 



FTO. 2C>'.ia. -FLAN OF 

NO. 3 iryuftAUt.ic 
CI./S.SIFIKH IN MILL 



S 


FIO. 3531).— LONOITO- 
DINAL SECTION. 



FIG. 2r)3c.—CROSS 
SECTION. 


is 8^ inches deep, 14 inches wide, and the overflow stream is 3 inches deep. 
The pressure box is partitioned off by two shields sloping downward toward each 
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other, leaving a slot 1^X4 inches for a sorting column, 4 inches above the bot¬ 
tom. These two shields extend about half way up on the two ends. The length 
of the slot is across the classifier. A hydraulic pipe 1| inches in diameter, ^two 
l^-inch nipples and plugs with J-inch spigots, complete the apparatus. The 
■slope of all four sides is C5°. There are two of them and they are fed with 
Huntington mill pulp, 2^ mm.-O. The spigots go to jigs and the overflow to 
No. 4 hydraulic classifier. 

In Mill 39, No. 4 Hydraulic Classifier is similar to No. 3 hydraulic classi¬ 
fier, except that it is 31 inches long at the top, 29 inches wide, and about 28 
inches deep. The overflow is 7 inche.s deep and 18 inches wide. It has but one 
spigot. The spigot product goes to a jig and the overflow to No. 2 whole current 
box classifier. 

The Dodge Sizing Box, made by the Parke & I.iuy Co., is in principle the 
same as the above. The chief difference lies in the fact that it has a pyramidal 
stopper in the slot by raising or kTwering which, the cross .section of the sorting 
column can be decreased or increased. 

Linkenbacu gives a classifier consisting of widening hoppers n (see Pig.s. 
254a-254c), three in number, with pressure box 6 and .“lot d for tie hydraulic 
columns. The slots run lengthwise and are 8^X1^ inches for the first two, and 
9X1J inches for the last. The width at the receiving end is I 1] inches and at 
the overflow is 47 inches. The total length of the apparatus is 93 inches and it 
treats 600 liters of pulp per minute. 

§315. Jajue.s Garkeek Clas.sifier. —In this classifier the whole length i.s 
occupied by pockets. The carrying current in every cas(! plunge.s into the next 
pocket. The pockets are deep with practically hopper bottom.s terminating in 
slots for sorting columns. As used in Mill 40, No. 1 hydraulic classifier, the 
slots are 4X3 inch, 4Xf inch, 4X^ inch and -iXf inch respectively, and all are 
2 inches high. The spigots are ? and \ inch in diameter respectively, and 
all the hydraulic pipes arc 1 inch in diameter. Its construction is well shown 
in Figs. 255tt-2555. It treats tlie undersize of No. 4 trommel with 3-min. round 
holes. The spigots go to jigs and the overllow' to No. 1 whole current box classi¬ 
fier. The No. 2 hydraulic classifier in Mill 40 is similar to the No. 1, hut has 
only two pockets. It treats the undersize of No. 5 trommel 3 mm.-O and sends 
spigots to jigs and overflow to No. 1 whole current box ehussiflcr. Some idea 
of the work donfe by this classifier may be gained by reference to a sizing test 
of jig tailings (see § 462). 

Fraser & Chalmers Hydraulic Classifier is a hopper with a pocket, 21 
inches long, 12 inches wide at the top and 2^ inches square at the bi'ttom, and 
13 inches deep, with ends sloping 55° and sides sloping 45°, having an adjust¬ 
able baffle plate across the stream, Sf inches from the receiving end, and an 
overflow spout 2 inches deep and 12 inches wide. A T and plug .spigot is used 
with a sorting column of 1^-inch pipe, or larger, hydraulic pipe 1^ inches in 
diameter, and spigot nipple | inch, or larger. They recommend a low head for 
the hydraulic. This sorting column, to bo on a par with mill practice, treating 
perhaps 60 tons per 24 hours, would probably have to be as large as 2J-inch or 
3-inoh pipe. 

§ 316'. Deep Double Trough Classifiers. —A hydraulic classifier shown by 
Eittinger, also the Altenberg classifier and another of 'the same class at the 
'Vaucron mill,“ nil have a V trough within a trough on the principle of the 
Iiake Superior classifier (see § 299), but differ from that in widening and deepen¬ 
ing the trough as the water moves forward, and in placing a dam at the lower 
end high enough to fill jvith water the whole apparatus. Open slots are placed 
in the bottom of the V to act as sorting columns, and hydraulic water is intro¬ 
duced iff the space between the V and the outer trough, which is compartmented 
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41« 


OSS sssssmo. 


8 310 

to suit the independent hydraulics and spigots. The Altenbcrg apparatus and 
that at the Vaueron mill both place hoppers in the outer trough. At the 
Vaueron mill the feed ranges from 1 mm. to 0, and there are formed eight 
spigot products and an overflow. 

G. G. Gates’ Hyokauijc Classifiek (“segregator”) (see Figs. 256a-256c), 
consists of a V box A 6 feet long, 18 inches wide at the top and 4 inches at the 
bottom and 12 inches deep, with sides sloping G0°. At the discharge end a pocket 
B is placed in the bottom of the box, consisting of an exlcmsion downward, 30 
inches long, 4 inches wide, with the front and rear ends sloping 60°, the sides 
being vertical. Extending down vertically from this is the sorting column G, 
consisting of a pipe 2^ inches in diameter and 8 inches long. At its lower end 
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it has a rubber stopper D, wooden nipple E and iron jet F, with a hole g inch 
in diameter for discliargiug the heavy product (see Fig. 2r»(i/y). fl'he hydraulic 
water is brought in from above by a vertical ^-inch pijie G bored below with 
|-inch holes in' four vertical rows, 90° apart, 8 holes in a row, 1 inch apart 
vertically (see Fig. 256b). They extend down to the plug at the bottom of the 
sorting column. The sorting is probably done by the upper six rings of holes. 
A plate screen H 4 feet long, 12 inches wide, punched over part of its length 
with |-inch round holes, serves to feed an even current to the apparatus and 
incidentally to remove chips, etc. 

As used in Mill 78, four of these classifiers treat the whole tailings of Mill 
71, stamping through 30-mesh brass cloth, amounting to about 93 tons per 24 
hours. They are fastened together in pairs side by side. The spigot product 
is about 70% and goes to waste, while the overflow amounts to 30% and is sent 
by launders to canvas tables. The distribution is made as the pulp rises to 
pass out of the overflow of the classifier by split launders I, a more perfect 
distribution than could be had probably in any other way. For the four classi¬ 
fiers 12 miner’s inches of water come with the pulp and 3 more are required 
by the hydraulics. Of these 1 goes away in the spigots and 14 go by the over¬ 
flow to the canvas tables. Assuming the miner’s inch to be equal to IJ cubic 
feet, or 11.22 gallons per m.inute, we have for four classifiers; 

Water pulp, 1U.64 gallons per minute. Spigot diecharges, 11 22 gallons per minute. 

Bydnuilic water, S.66 gallons per minute. Orerflow to tables, 167.08 gallons per minute. 

]66.8b 
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A sizing test of the spigot product of this classifier is given in Table 330. 

The No. 1 akd No. 8 Classifiers of Mill 86 are alike except that the 
former has f-inch spigot and the latter a -J-inch spigot. They are in the form 
of hoppers (see Figs. 867o-857c), 84 inches long and 84 inches wide at the 
top, with vertical sides, the ends sloping 60° to a transverse edge. Two blocks 
of wood C are put in, one at each end near thc'bottom, forming a pressure box 
D beneath them and a transverse slot E for a sorting eolumn between them. On 
the blocks are serewed two adjustable iron strips F with straight edges to give 
a true slot of the width desired. The hydraulic water comes in from below by 
a 1-inch pipe G running horizontally just beneath the slot, with holes bored in 
it all along. The current so delivered moves upward through the slot. The 
heavy grains discharge through the central spigot H below, consisting of f-inch 
or ^-inch holes in a 2J-ineh plug. On the end of the pipe is a cap K, which can 
be removed fi r cleaning. A vertical sliding cross partition L servos to force 



the whole current to pass down for treatment to the neighborhood of the slot. 
A distributor w'ith adjustable buttons M and N feeds tlu^ piilj) across the whole 
width. No, 1 is fed by the undersize of No. 4 trommel wdth TSfi-mm. round 
holes. It sends spigot to percussion table and overtlow to No. 8 ela.s.sifier, which 
sends its spigot to Frue vanner and overflow to slime tables by No. 1 unwatering 
tank. 

§ 317. In Mill 30, Classifif.r No. 1 (see Figs. 3,58a-358c), consists of three 
short V boxes in series, nuaisuring at the top 10 inches long, 13 inches wide, 
15 long, 18 wide and 88^ long, 37 wide, respectively. 'I’he sides of the V’s slope 
64°, 63° and 55° respectively. The depths to tlu! •• >]> of the slots are 7J, 17 
and 19 inches. The two sides come to an edge below, leaving a slot C running 
lengthwise. The three slots or sorting columns are; 10 inches long, 1 wide, 8 
deep; 15 inches long, J wide, 8 deep; 88 inches long, J wide, 3 deep. Two 
little blocks D are inserted to preserve the width of the slots. The pressure 
boxes B below are in the form of hoppers, 8, 13 and 16 inches deep respectively. 
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below the sorting column, with hydraulic pipe F entering on one side and 
spigot G discharging on the other, near the apex. 

Adjustable distributors with pointers II distribute the current the whole 
widtii of the boxes. The streams, in every case, plunge into the boxes from a 
feed-sole at least 1 inch above the water. The pulp overliows the whole width 
into a collecting box K and is then contracted into a narrow launder to convey 
it to the distributor of the next box. The hydraulic pijics are all inches in 
diameter. The spigots are 1, f and -J inch in diameter. 

It is fed with the undersize of No. 3 and No. 3 trommels with 3-mm. and 3.5- 
mm. round holes, respectively. It delivers spigot products to jigs and overflow 
to No. 1 whole current box classifier. Sizing tests of the products of this 
classifier are given in Table 355. 

Linkenbach’s Fig. 33 is the design from which the above classifier was prob¬ 
ably taken; his dimensions are shown in Table 331. One used at Ems has four 

TABLE 331.— ^DIMENSIONS BY LINKENBACH EOK V BOXES DESIGNED TO TRE.4T 
800 LITERS PER MINUTE. 


1 Length. 

Width. 

Depth. 

Inches. 

Inches. 

Inches. 

No. IV box. 20 

e-M 

15 

No. 2 V box.1 82U 



No. 8 V box.1 43^ 

61 

41 


boxes of which the first three are of the same size as those given by Linkenbach, 
while the fourth is (it! inches long, 05 inches wide and 47 inches deep. It treats 
800 liters jiulp })er minute. 

Mill 30 has a Hydraulic Olassieihr (see Fig. 359), 
in the form of a rectangular box 18 inches long, 
inches wide and 13 inches deep. 'J’he receiving launder 
A is 3| inches down and (i inches wide. The overflow 
Ji is () inches wide and 4 inches down. In front of the 
feed launder is a deflector, or balHe board V, 8 inches 
wide. In the center of the bottom and extending vertic¬ 
ally Ij inches above the bottom, is placed a l|-inch pipe 
I) to act as sorting column. 'I'he hydraulic water is 
brought in by a l|-inch T; the spigot is drawn off through 
a IJ-inch cock E below, and divides in two parts by a T, 
feeding two jigs. The overflow goes to manners. The 
classifier is fed with the undersize of No. 5 trommel with 
U.Oti-ineh (1.53-mm.) round hole.s. The fact that the 
bottom is always full of sand saves the box from wearr 
iog out. This is practically a very shallow hopper, be¬ 
cause the sand takes that form as soon as the s])ace,s are 
filled. 

The “IIebehwasche,’’ or Siphon Classifier, invented by Osterspey and 
used at Meehernieh, would at first sight appear to fall into this group, but the 
author conceives that its work is done according to the laws of hindered settling 
and it has, therefore, been placed with jigs and other hindered settling machines 
(see § 395). 

III. Tubular Hydraulic Classifiers. 

§ 318. General. —These may be used for treating the same sizes as either the 
shallow pocket or the deep pocket classifiers. They include all the different 
forms of spitzlutten. The word sptizluUe signifies a pointed tube, and if we 
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examine the operation of Kittingcr’s spitzlutU. the first to claim the name, we 
find it has its carrying current brought in by a steeply descending tube, a sorting 
column Slow with adjustable upward current, and its receding carrying current 

leaving by a tube, rising steeply, of uniform °rting 

The essential features of tins apparatus appear to bt. birst, an upper sorting 
column of uniform sectional area, in which the rising carrying current acts and 
L Zd a Cer sorting column of uniform sectional area m which the rising 
hydraulic wate^ acts. ^In all the tubular classifiers these features arc present to 

^''§'*379.°TjiTKn'TiN(iEn Spitzltjtte is made in two forms: Figs. 360a-360e 
for JieaWer grains which fall in a cnrrenl rising with a velocity of dl mm. 
per second, and Figs. 2(Sla and I'lilh for lighter grains which rise in dl mm. per 



FIQ. 360h.— LOMOITtintNAL 
SKCTION. 


FIO. 3G0f.—CROSS 
SECTION. 


second current, 'i'hc former consists of a box with a transvero V section with 
the sides b of the V sloping 00°. Inside it is a V-shaped displacer, or prism c; 
which can slide up and down between vertical guides. The displacer is always 
thus centered in the V box, and between the sloping sides of the two parts will 
be left adjustable spaces or tubes for bringing in and for taking out the 
carrying current. The length of these two tuhe.s for_ coarse sliiif must be about 
914 mm.; less is insufficient for good settling, more is unnecessary. The width 
may be 630 mm., and the thickness will depend upon the size of grain it is 
desired to lift, and upon the quantity of water in the carrying current. An 
apparatus of the abova. width, designed to treat 283 liters (10 cubic feet) per 
minute, will require a thickness of 61 mm. for a speed of current of 135 mm. 
per sedbnd. The lower sorting column below y is wedge-shaped, 38 mm. wide 
an4 comes to a T discharge below. 
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At the Anna stamp mill at Przibram, a set of four spitzluHen receiTing 
mm. stuff from stamps, had the dimensions shown in Table 238, The leagSt 
given is from feed to discharge, which is approximately the same as the length 
of the upper sorting column. 


TABLE 232.—DIMENSIONS OF 8PITZLUTTEN AT ANNA STAMP MILL IN PEZIBEAM. 



Length. 

Width. 

Thickness of 
Current. 

No. 1. 

Meters. 

Meters. 


0.8B 

0.88 

0.06 

No. 8. 

1.00 

0.48 

0.05 

No. 3. 

1.16 

0.G4 

0.08 

No. 4 (fi). 

1.88 

0.G4 

0.10 


(a) There an^ two of these sidts by aide. 


Riltinpcr held that the thickness of the current between b and c should not 
be too great (not over 7(5 nini.), lest disturbing eddies should come in. The 
height il. of the feed-sole above the overflow must be sullicient according to the 
law of falling bodies to give the computed velocity V as determined by the well- 
known formu'a, \"-:;~.2gIi, where (j is the acceleration due to gravity. As shown 
by the drawing, Uittinger used a very small head of water for his hydraulic 
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FIG. 2f)la.—LONGITUDINAL SEC¬ 
TION OF THE lUTTINOER GEN¬ 
TLE CURRENT STITZLUTTE. 



FIG. 2616.— CROSS SEC¬ 
TION. 


water k and he usial a rising discharge or goose neck I for removing the spigot 
product. 

0. Bilharz has designed a spitzlutte, adding to the essential features of Rittin- 
ger’s apparatus several points. lie makes it of piate iron, using iron pipe 
fittings for the hydraulic attachments. He widens the later boxes to diminish 
the velocity of the upward current, to suit the settling of the finer grains. His 
hydraulic water is brought in under full hydrant pressure and the quantity for 
each box is regulated by an independent faucet. His spigots also have inde- 
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pendent faucets to regulate the amount of discharge. “For increased capacity, 
a larger number of boxes of the proper breadth are introduced; for a temporary 
reduction of capacity, some of the boxes are simply shut off.” 

Eittinger’s form for gentler currents (see Figs. aSla and 2611)), has its receiv¬ 
ing tube and upper sorting column both vertical. This reduces the friction for 
the ascending particles and avoids the tendency of grains to settle on the sloping 
side, which thereby contract the area and change the velocity of the current. 
The width of the upper sorting column in Rittinger’s figure is C30 mm.; the 
thickness is (130 7nm. These dimensions will vary with the quantity of pulp 
and the size of the grain to be lifted, but the dimensions mu.st bo adopted in 
the original design, as the thickness of the current is not adjustable as in the 
other form, 'rhe vertical height of the column is 1,100 mm. 

In sorting the undersize of a screen with holes O.fi iniri. in diameter to make 
four sjiigots and an overflow, using both forms of spiizliilie.n. Eittingcr recom¬ 
mends the adjustments given in Table 333. It is stated that each spigot uses 

TABLE 833.— AD.TUSTMENTS HECOMMUNDEH BY ItlTTt.VOEK FOR A SET OF FOUR 

SPITZLUTTEN. 



Vt‘lofily per Sec¬ 
ond of Water in 
SortiHK rolumiJ. 

Pof<H*nf <»f Total,' 
Yielded hv each , 
SpiK',!. 

Depth of Spigot 
Below 

Water Level. 

Head of Hydraulic 
Water above 
"Water Level. 

I 

Mrn 


Mm. 

Min. 

No. 1.! 

M 42 

80 

914 

152 ' 

No. 2.! 

23..37 

25 



No W . 

9..39K 

ao 



No. 4. 

3.81 

(a) 1.5 

538 

90.3 


(a) Tliis leaves 10% in the overflow of the last spitzlutie. 


an average of liters of hydraulic water per minute. It is not advisable to 
use many spitzlutlr.n in series, since a change in the adjustment of any one 
necessitates a readjustment of all those that follow. 

In Mill II, Nos. 3 and 5 hydraulic classifiers are of the form of Rittinger’s 
gentle current sjnlzlulLe. The No. 3 hydraulic classifier consists of six sjnizlut- 
i(in, yielding four spigot products: two, like spitzluiten, side by side, give the 
third product and two give the fourth product. The details are given in 
Table 331. The discharges are by a T and goose neck. It is fed with the 
overflow of No. 1 hydraulic classifier and delivers spigots to vanners and over- 


TABT.R 331. —DRTAIL.S OF NO. 2 HYDRADLIO OLA.SSTFIER IN MILT, 41. 



Width. 

Height. 

Thickness of De¬ 
scending Column 1 

Thickness of , 
Ascending Column; 

Diameter of 
Spigot. 


Inches. 

1 Inches. 

Inches. ' 

Inches. 

Inches. 

No. 1. 

36 1 

1 32 

8 

8 


No. 2. 

49 ! 

1 17 

18 

18 

'A 

No 8 (iwo of thcml. 

42 ! 

1 14 

9 

46 


No. 4 Ctwo of them). 


18 

18 

18 

M 


flow to No. 1 whole current box classifier. No. 5 hydraulic classifier is similar 
to No. 3, except that it consists of two spitzlutten only. It is fed with the 
overflow of No. 1 hydraulic classifier and delivers spigot products to- vanners 
and overflow to No. 1 whole current box classifier. 

At Schemnitz, Hungary,” a number of U-shaped iron pipes are placed side 
by side to take the plaw of one large V spitzlutte. With this arrangement, the 
quality of the product may be varied according to the number of U pipes in 
operation. If finer adjustment is needed, one U is made adjustable. 
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§ 320. Meinecke Spitzlutte.— (See Figs. 262a and 2625.)—This consists of 
a number of concentric cylinders arid cones, with sides sloping 60”, so united 
and combined as to make annular spaces in which the current can rise and fall. 
The carrying current has two periods of rising, the first more rapid than the 
second. The sands which settle out of each of these rising currents have to face 
a hydraulic current in order to find their way to their respective spigots. In 
this way the grains are cleaned from the finer sizes. Referring to the figure, 
the pulp comes in through a, b, c,. It then rises through ri,, e,, overflows into 
Cj, descending to rise in t/j, e^, and finally overflows into'thc circular launder f. 



TION OF THE 
SAME. 


Hydraulic water is admitted by a pipe into the spaces i,, and passes up 
through / and A,, g„ allowing the heavier particles to pass nut through 

the goose neck A,, and preventing the finer sizes from entering. The second 
hydraulic is admitted through L, into the space tj and discharges the heavier 
particles through k.^, in the same manner as the first hydraulic. Two sizes of 
the spilzluilc arc made, as given in Table 235. Water may be saved by dividing 
up the annular spaces by radial vertical partitions. 


TABLE 235.—MEINECKE SPITZLUTTE. 


Outer 

Diameter 

Capacitv 
per Mmute. 

Difference of Level. 

The Overflow is 
Below the Feed. 

The Spistota are 
Below the Feed. 

The Spipot is 
Above the Bottom. 

Meters. 

Litera. 

Mete) s, 

Meters. 


a.i 

20(ito2fi0 

0.85 

0.76 

a.i 

1.4 

fl00to400 

0.85 

C.85 

1.86 


Mill 28 formerly used this machine as its No. 2 hydraulic classifier. It was 
of the second size mentioned in the table. The spigot pipes were both 1 inch 
in diameter, the hydraulic inches. The feed to this spitzlutte in Mill 28 
was the overflow of the No. 1 hydraulic classifier and contained nothing larger 
than 0.4 mm. in diameter. It delivered spigots tc No. 1 surface current box 
classifier and overflow to No. 1 whole current box classifier. 

For good work it is essential that the apparatus shall be set plumb and that 
the overflow lips shall be perfectly true, otherwise the currents will be uneven. 

§ 321. M. P. Boss used successfully at the Harshaw milP* a classifier for 
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stamp pulp, which consisted of au acute cone with a deflector deliTering the 
feed near the bottom (see Fig. 2G3). A central rod or pipe C serves to regulate 
the size of the discharge opening g at the bottom, but it docs not furnish water. 
It differs from the other tubular classifiers in having an e.xpanding upper 
sorting column and in omitting the lower sorting column altogether. It is fed 
with stamp pulp and sends the (!oar.se sand to No. 1 grinding pan of a Boss 
system and tlic fine sand to No. 3 pan, w'here amalgamation begins. 

§322. DoujiLE Conk HYDiiAiji.io Oi.assifikhs.—I f a cone is placed within 
a cone, an annular sjnicc intervcjies between the two, which has been used by 
several designers as the upjwr sorting column of a tubular classifier. If the 
inner cone has a wider angle than the outer, there wnll be one Standard position 



for the former in which the horizontal sectional area of the annular space will 
be the same all the w’ay up, and the, current rising therein will be uniform. If, 
however, the intior cone is lai.sed above the standard position, the area at the 
upper end will be greater than that at the low(;r end, and the current will be 
retarded, but if lowered below', it will be less, and the current will he accelerated. 
Haymond®* and Armitage®’ both describe such classifiers. The chief manufac¬ 
turers of mill machinery of Colorado all advertise this machine, and it seems 
to have found some favor in that State. 

As shown in Fig. 264, the pulp is fed into the central cone B and passes 
through holes around fhe apex at the junction between the lower and upper 
sorting columns. The heavy grains sink through the lower sorting column and 
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go out of u molasses spigot I, the hydraulic water being brought into a pressure 
box through a dial cock F; the light grains rise through the annular space or 
upper sorting column between A and B and overflow all around the cone into a 
collecting launder F. A series of these cones will yield a series of products. 
The cones, and therefore, the sectional area must increase in size as the grains 
diminish. Four sizes are rocoinmendod, as shown in Table 23C. 


TABLE 236.— SIZES OF DOUBLE CONE HYDRAULIC CLASSIFIERS. 


Diameter of 
Outer Cone. 

of Grain fo 
be Treated. 

Inches. 

Mesh. 

12 

8 to 20 

20 

20 to SO 

SO 

SO to 40 

40 

Finer than 40 


Mill 87 has one of these, made by Hendrie and BolthofF, for its No. 2 hydraulic 
elas.sifier. The outer cone is 12 inches in diameter and its sides slope 60°. It 
has a 5-inch hydraulic pipe and a molasses gate sjiigot. It is fed with pulp 
from stamps passing through screens 24 or 30 meshes to the linear ineh, and 
yields spigot product to jig and overflow to vanner. Two machines treat the 
pulp from 20 stamps, perhaps 40 tons of solid material, per 24 hours. 

In Mill 19, No. 1 hydraulic classifier consists of seven double cone classifiers 
of shad iron arranged as shown in Fig. 26,'5, with sides sloping 60°, put together 



as follows: Three cones side by side, 15 inches in diameter, yield No. 1 spigot 
product; two cones side by side, 18 inches in diameter, yield No. 2 spigot 
product; two cones side by side, 21 inches in diameter, yield No. 3 spigot product, 
it IS fed with Undersize of No. 4 trommel with 10-nie.sh screen, and yields: 
Spigot products to three sets of jigs and overflow to No. 1 whole current box 
classifier. The hydraulic water comes through a pipe 1 inch in diameter, with 
a regulating valve. The dimensions of the three sets of cones are given in 
Table 237. Both outc- and inner cones have their sides sloping 60° and are 
therefore, parallel. 

TABLE 237 . —NO. 1 HYDRAULIC CLASSIFIER OF MILL 19 . 


Diameter of 
Outer Cones at 
Top. 

Diameter of 
Inner Cones at 
Top. 

Width of Annular 
Space. 

Inches. 

Inches. 

Inct s. 

16 

12 


18 

idM 

I 

91 

81 

2 


C. Le Neve Foster* describes a double cone hydraulic classifier used at the Fron- 
goch mine, which is similar to that last described in that the cones are paralleL 
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The outer is of wood, the inner of sheet iron, and the space between forms the 
upper sorting column. The truncated apex of the outer cone connects with a 
pressure box below with hydraulic water and spigot, and in the t.runcated apex 
is a conical plug, with an annular space around it, forming the lower sorting 
column. '.riiiB plug is adjustable up and down at will by a .screw, thus giving 
a variable section to the lower sorting column. The spigot is a disc sliding 
over a hole, slnitting off much or little as desired. 

15323 . Tiin CiiAui.KTON OiiE OoNCENTiwroK.— (See Figs. 2r)()a and 2(101).) 
—This is a tubular classilier wliicli u.ses no hydraulic water, but yet has both 
upper and lower hydraulic columns. The pulp fed at d divides itself into the 
clearer water a, and the sand c. The former descends to tlu; bottom, as shown 
by the arrows and rises to discharge as an ovcrllow at h. The .sand entering at 
c is subjected to the aetion of this rising current which lifts the lighter grains 
to overflow at b and allows the heavier grains to fall and find their way out 
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through the spigot e. A series of bo.xes would yield a scrii's of products. The 
price tliai is paid for this economy of water is that some of the fine slimes go 
over at and out at e, with the heavy product. A te.st would tell whether this 
loss was serious or not with any given ore. The ap[)aratu.s must be built of a 
size to suit its work, as it has no means of adjustment. 

§ 321. The Biciiaiids TuiiULAR Ci.AssiFiisn, designed by the author, is shown 
in Figs. 267tt and 2071) for coarse work and Figs. 2C8a, and 2081) for fine work. 
It has long, vertical sorting columns both above, h. and below, i, tlie former to 
allow a stray heavy grain h to settle, and the latter to allow a stray light grain, 
c to rise. To make the sorted pralnct from the spigot still more perfect, a 
vortex fitting, previously described in § 308, is placed below, which gives a 
helical rising current in the lower sorting column, guaranteeing like treatment of 
all grains in it. A vortical plate k is used to stop the rotation above, and fins 
to stop it below. The vertical form of the upper sorting column also guarantees 
ho settling on the sides and conseqnent change in section and in the speed of 
the-current The hydraulic water is fed through a pipe e and the heavy product 
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discharged through a plug spigot f. The upper column h is made of any desired 
size, 2x3 inches, 3X4, 4x6', 6x8, 8X12 or 12X16, and the lower sorting column 
i also may be of any diameter, 1 inch, 1;^, IJ, 2, 2J, 3, or larger. The size or 
sectional area, of the upper column li, will be made to suit the quantity of pulp 
to be treated and the size of quartz to be lifted. Its size will inerease with the 
quantity of pulp and a.s the diameter of the particles to bo lifted diminishc.s. 
The size of the lower tube i, of the vortex y and the spigot f, depends upon the 
quantity of heavy product to bo discharged. The greater the product, the larger 
the pipe. It also depends to a certain extent upon the size of the grains, for 
with very small .sizes of grain it is difficult to adjust the upward current, unless 
the pipe is large. The effect of this apparatus is to obtain a very perfect separa¬ 
tion between spigot and overflow, but it requires careful adju.“tment of the two 
columns, and so becomes too complicated when more than two are used in series. 

Thi.s classifier servos very well to illustrate the use of the theory of free set¬ 
tling in designing and adju.sting classifier.s, and will, therefore, bo considered 
at some lengih. Table 238 shows the velocity of current which 1 kilogram of 
water per minute gives in each size. 

TABLE 238.— VELOCITIES OF CUHBENTS FOR 1 KILOORAM OF WATER PER MINUTE. 


Dimensioiia af 
Upper 
Borting 
Column.. 

Area of Uppe^r Sortinp 
Ojiuran. 

V'elocjty per Bee* 
ond for 1 kilo 
Wa-te^r per 
Minute. 

Inches. 

Sq. In. 

So. Mm. 

Min. 


G 

8,H71 

4 805 

8x<i 

12 

7,742 

2.150 

4x6 

24 

15,484 

1 077 

CxA 

AA 

30,068 

0.M81 

6x12 

06 

61.086 

0.2HiK) 

12x16 

192 

123,871 

0.1384 


The experimenter will probably know the quantity of water in kilograms per 
minute which he wishes to handle and the diameter of quartz grain in millime¬ 
ters that ho wishes to lift. His ne.\t need will be answered by Fig. 287 or by 
Table 262, which gives figures obtained by experiment upon the speed of current 
required to lift his quartz. 

Suppose he has 50 kilograms per minute of water to handle, and he wishes 
to lift a grain of quartz about 1 mni. in size. Table 262 shows that he will require 
a current of !)7 mm. per seeond to lift it. Referring to Table 238, we .sec that 
a 3X4-inch tubular classifier gives a velocity of 2.15 mm. per second for a 1 
kilogram per minute feed. It will then give 107.5 lum. per second velocity when 
fed with 50 kilos per minute. This .size is probably near enough for his purposes. 
If he wishes it exact, he can cut down the water a little to 45.1 kilos per minute, 
which, multiplied by 2.15, gives a velocity of 97 mm. per second, or he can make 
a tubular classifier that is larger in section, in the proportion of 97 to 107.5 
(3X4.54 inches), which would then handle the exact quantity and yield the size 
of grain needed. 

If he has chosen a velocity of 97 mm. per second for his upper sorting column, 
he will want the same for his lower, that is to say, the velocity cannot be greater 
below without forming serious banks, due to particles which rise in the lower 
sorting column, but will fail to rise in the upper, and it cannot he much less 
without injuring the work of sorting, because it will allow particles to pass down 
into the spigot that are less than the standard size. The size of this lower Bon¬ 
ing column and of the spigot may be decided according to the principles laid 
down in § 308 and § 309. 

After choosing the size of lower sorting column and spigot which will give 
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approximately the eeparation desired, the final adjustment may be made accord^ 
ing to theory, as follows: The feed water is shut off temporarily, the spigot 
being left open, and the hydraulic water turned on until the weight of the water 
overflowing per minute is that weight shown by Table 227 to be noeoBsary to 
lift the desired particles in the size of lower sorting column used. The feed 
may then be turned on and classifying begun. One may say that this adjust¬ 
ment of the lower sorting column deranges the adjustment of the upper sorting 
column, but the weight of the w'atcr rising in the lower sorting column makes 
such a small addition to that already rising in the upper sorting column, that 
it is negligible. This classifier may be adjusted by the eye, of course, as are 



other forms. It is well, how'over, in this case, to shut off the feed temporarily 
and note the position of the hydraulic cock when the water overflows the very 
least amount, that is, when there is practically a balanced hydraulic. This gives 
the least amount of hydraulic that can be used without allowing fine slimes to 
pass out of the spigot. 

LocKiiAitT’a Automatic Gem Separatok is a tubular clasBifief, using an 
upward current in the annular space between two glass tubes. It is us^ to 
treat closely sized sande for diamonds and other gems. 

§ 325. Metnecke Gmssifikk. —(See Pigs. 209a and 2696.)—This classifier, 
consists of a single V-shaped hopper A 34^ inches long, 20 inches wide an420| 
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inches deep, with ends sloping to an edge and slot below, while the sides ate ver¬ 
tical. The heavy sands, settling to the slot, meet in the first sorting column B a 
senile rising' current of water, which rahcft the lightest grains and passes them 
olT in tho overflow^ into C. Kost of the ^^rains theu to Um', wtc-.<in<l sorting 

column D, wlieie 'im mee\ a slTonger hydraulic current, ^ 



FIG. 269&.— LONGITUDINAL SECTION OF MEINECKE OLASSIFIEE. 


sort, a little heavier than the first, and carries it out by a side discharge E pro¬ 
vided for the purpose. A third and fourth sorting columns P and H, lift out 
two more sorts by side discharges 0 and I, and the heaviest grains pass down 
through the fourth sorting column and are lifted out through the side dis¬ 
charge K. 
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The hydraulic water, the quantity of which is regulated by a cock, enters 
under a considerable head by the pifie L, passes down through the chamber M, 
which harmonizes currents and gives uniform motion to the water. The whole 
hydraulic water then passes through a slot N running the whole width of the 
apparatus beneath the fourth hydraulic column H. It then rises through the 
fourth, the ihird, the second and ihe first sorting columns successively, parting 
with a portion of its volume at each of the successive side discharges. The 
velocity of the rising current in any sorting column can be increased by diminish¬ 
ing the width of the column and by contracting the .side discharge orifice next 
below it. For tlie former adju.stments, thumb nuts u', and a*, to move 

gates i’, 6^, 6’ and b*, are ])rovidcd, and for the latter, hand screws c', c*, c* 
and c*, to move gates d', d", d'-' and d‘', are provided. 

While the ordinary form of classifier takes out the heaviest grain.s first and 
passes the mass of lighter grains forward for further classification, this apparatus 
does the exact opposite, in that it takes out the lightest grains first and passes 
the mass of heavier grains forward for further elas.^ification. 

Again, since classification undoubtedly takes place in the discharge chambers 
E, G, I and K, which are enelosed by four walls, to quite as great a degree as 
in the spitzlutte, the ap]iaratus deserves to be regarded rather as a special form 
of tubular classifier, than as a special form of hydraulic classifier. 

According to Bellom.''" it treats 10 liters of pulp per minute for a centimeter 
of inside width, the water containing f! to 8% of solid matter by volume. This, 
for yO inches' widfli, would be fiOO liters pulp fed per minute. To tliis must 
be added the whole of the hydraulic water. 

In Mill y7 the No. 1 hydraulic classifier is of this kind, and is fed by the 
undersize of 'Vo. 8 tromimd with holes ■/, inch (y min.) in diameter. It delivers 
products of the side discharges to unwaterers and theneo to jigs, and overflow to 
No. 1 whole current box classifier, in Mill yS No. 1 classifier is also of this 
pattern, of the size shown in the figure, and is fed with the undersize of No, 7 
and No. 9 trommels ami with pulp from the Huntington mill, all having 2-mra. 
diameter ma.xiniiim grain. It delivers produet.s of side diseharges to jigs by 
unwaterers, and overflow to No, 1 surface current box classifier. It formerly 
went to a Meiiieeke fipiizivile. The quantity of water used is ,so large that un^ 
v/aterers aie used in both mills, to prepare the products to he fed to the jigs. 
The apjiaratus i.s reported as hard to regulate and lacks simplicity. 

The large quantity of water used in thi.s apparatus appears to be dun to the 
fact that "arryiiig currents pas.s up from the four sorting columns to the side 
diseharge.s. These are as large as those of a series of spitzluUen, but in the 
latter, the same water acts successively in all these rising spaces, while in this 
apparatus, they all must receive .separate .supplies of water. 

For the quaiily of work done by this classifier in Mill 28, see Table 254. 

Groups TV., V. and VI. 

IV. Surface current box classifiers. 

V, Whole current box classifiers. 

VI. Distributing boxes. 

§ 326. General. —These three groups will he treated somewhat together, be¬ 
cause the mill men of the country arc using one or other of them for the same 
class of work. They all omit the hydraulic current and depend upon the be¬ 
havior of grains of sanii or slime in a carrying current of water, which, in the 
majority of cases, is himzontal. The faster the current moves, the further will 
the grains be carried. The .slower, tlie earlier will they settle. The various 
fonni of apparatus have been designed according to their ability to accelerate 
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or retard the settling of the sand. They treat slimes which overflow the last of 
the hydraulic classifiers, and the practice in regard to the size treated is quite 
variable in this country. 'J’he maximum grain, as a rule, ranges from 0.03 
inch (0.5 mm.) to 0.01 inch (0.35 mm.) in diameter. Linkcnbach recommends 
0.35 mm. as the proper size for this treatment. Their products, with a few 
exceptional eases, arc suitable for treatment on tables and vanners. 

The hydraulic is omitted from those groups for the following reason: The 
process has, up to this point, been adding water to the puip at every step. It is 
advisable from tiiis point on, to distribute the pulp without furtlier addition of 
water, unless the consequent sacrifice of fine shme which passes down with the 
spigot product and is lost in the subsequent concentration, is loo great. The 
spigots used with the box classifiers are similar to those used in the hydraulic 
classifiers. They arc chiclly the pipe and plug spigot and goose neck. Of these, 
the latter finds more application here than with the hydraulic classifiers, owing to 
the great depth of Itiese lioxos and to the fact that the slimes flow more frwly than 
the coarser sands of the former class. A most excellent device is a large screen 
with holes 1 niiii. in diameter, to screen out the fibre from all the pulp running 
to box classifiers, 'f’his allows the use of small spigots and of concentrated pulp 
in the spigots. It will he, sonic trouble to keep this screen clean, but the addi¬ 
tional ore saved may much more than offset it. 

Tile capacity of a bo’c clas.sifier is measured by the quantity of water, rather 
than by the C|uaiitily of dry slime fed to it. To do its best work, it must have 
the right quantily of water to establish its regular wa.shing currents. The con¬ 
ditions of the liydraulic classifier are such that it will never send pulp that is 
too dense for Ircalniint in a box classifuT. The overflows of hydraulic classifiers 
prohahly contain less fhaii d'/c, and in some mills they will not have over 1% 
of solid diy slime. 

There are two logical rni'thods of supplying and using the carrying current, 
namely, a Kurfucc cuiroil flowing over a stagnant bottom, and a whole 'current 
in which al' the water is moving at a nearly uniform rate from the receiving 
end to the delivering end of the box. 

IV. SuKFACE Current Box Classifiers. 

§ 337. General. —This group includes Rittinger’s spitzkasfen apparatus and 
all the various forms of appaiiiliis in which the sorting is done by Rittinger’s 
surface current, without the liydraulic current or the plunging feed. They re¬ 
semble, in figure, many of the forms included under deep pocket hydraulic 
classifiers, only they are made larger, and are used for treating finer products. 
In [hese classifiers there is a reason which is additional to those already given, 
for oniiftiiig llic hydraulic water, for a iiositive rising current of hydraulic water 
cannot be used without making troublesome banks (see §310). The omission 
of hydraulic water causes each spigot product to be more or less contaminated 
with fine slimes, which properly belong in later spigots or in the final overflow. 

If a horizontal current of pulp passes over the surface of a tank of stagnant 
water, all of fho particles contained in the pulp begin to settle, and they do so 
according to the law of free settling particles. Those having the greatest set¬ 
tling power fall emt first, and those with less, later, ranging in a series from the 
beginning to the end of the current, according to thoi'’ settling power in wafer. 
If now, we divide up the current, so that it takes place in a series of boxes, each a 
little wider than the previous, we can obtain from the sot so arranged, a series of 
products each of which is finer in size than the one preceding it, and the grains 
in tliese products are arranged approximately acording to the law of free set¬ 
tling particles, namely, the quartz, for examnle, in any product, will be larger 
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in diameter than the galena. Theoretically, this horizontal current seems to 
be a very perfect means of sorting slimes; practically, it is capable of doing only 
approximate work, and it can only do this when the laws controlling it are 
understood. 

§ 338. Method of Investiqation. —In order to study these law's an investi¬ 
gation®" was made by the author, assisted by Mr. Locke. This investigation 
required some means of coloring the liquid composing the surface-current, of 
seeing it when it has been colored, and of picturing it for further study and com¬ 
parison. Milk of lime, added to the water, was found to be the best coloring 
matter; a tank with one side of plate-glass permitted the colored current to be 
seen, and photography furnished the means of preserving its form, so that it 
could be studied at leisure. 

The tank (see h'igs. 270-273), which served for a pointed box, w'as 1,206 mm. 
long, 603 mm. deep and 203 mm. wide (inside measures). The outlet was 60 
mm. below the top of the tank. It had a plate-glass front, and was otherwise 
painted black inside. Within it were two adjustable cross-partitions, 431 mm. 
long and 203 mm. wide, usually sloping 58° from the horizontal. One, called 
the tail-partition, sloped downward and inward from the outlet; the other, called 
the head-partition, sloped downward and inward from the end of the feed-sole 
at the inlet. Both were beveled, to give a sharp, true edge of contact. They 
were loaded with lead, to sink them; suspended by fine wires, to support them; 
and wedged in place and made practically water-tight at the sides by tacking 
on a strip of gunny-sack. The leed-sole, 305 mm. long by 203 mm. wide, was 
packed and held by the same means as the partitions. Water was brought by 
two hose-pipes and distributed by two pipes with many holes, to give an even 
current. Thus made, the box classifier was like the Hittingcr spitzkasien in 
every respect, except that it had no spigot to discharge water below and its 
sides were vertical (which, indeed, is the case also in some of Rittinger's boxes). 

As representing nearly the speeds of the three boxes of Linkenbach for a 
width of 203 mra., three rates of current were selected, namely, 86.4, 57.3 and 
38.6 kilos of water per minute respectively.* In each experiment, the feed-sole 
and the partitions were adj'usted as desired; the water-quantity was weighed, 
using a bucket and spring balance; the water-current was allowed to establish 
itself thoroughly; the milk of lime was added till it had just defined the main 
currents; and the flash-light picture was then taken. Figs. 270, 271, 272 
and 373 are copies of a few of those taken during the investigation. They show 
that the current is not of equal section and velocity, but is in the form of a 
wedge, widening downward and diminishing in velocity as it moves onward, and 
when it reaches tlie overflow it has received so much added water from the stag¬ 
nant pool, that only the top portion of the current can pass off by the overflow; 
the rest passes down as a return eddy, disturbing the stagnant pool and send¬ 
ing fine slimes into the spigot product, which belonged in the overflow. 

§329. Results of the Investiqation.— The following considerations, 
derived from the above investigation, show how the quality of the work is 
affected according as the formation of a uniform current is helped or hindered: 
(1) The relative height of feed-sole and overflow. (2) The slope of the feed- 
sole. (3) The quantity of pulp per unit of width. 

In regard to the height of the feed-sole, the experiments of the author cor¬ 
roborate' the position held by Eittinger, namely, that the surface of the feed-sole 
at the junction with the box should be exaetly level with the overflow. If it is 
25.4 mm. above the level, a plunging stream (see Fig. 273), which seeks the 
bottom of the box, will he obtained; less elevations will tend in the same diree- 

* The avact figures Should have been 80.1, B0.8aDd39.5 kilos for the widtl) of 8 C 0 mm. The error wasmadd * 
by aeeidepti but the dlffereoos Is o< no momeBt In this oonneetloiL 



g 929 OZASSIFISSS. 

tion to a less degree. If it is depressed 25.4 min. below the overflow, the velocity 
is greatly retarcled and the current wedge widened; less depressions have the 
same effecd to a less degree. 



27(1.—FliHl) IKJUIZONT.AI. .\NI> f.nVUL WITH OITTI.KT. Cl'IiKK.S'T, 8(i.l KJI.OS 
I’nii MiNirru. wKixHs anui.e, 1(1°. 

In regard to the slope of (lie fec'd-sole, it is found thal if it is horizonfal, an 
irregular bank of sediment will settle upon the fe('d-snle, deranging llie evenness 



PIG. 271.—PJililD IlOKIZONTAI. AND LEVKD WITH OUTLET. CUKUENT, 38.(1 KILOS 
PEE MINUTE. WEDGE ANOI.E, 20°. 
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of tlu' work; if it is too steej), the current takes with it too much eddy water, 
thereby slowing the current and widening lh(! wedge; if its slope angle is greater 



PIG. 273. —FEED horizontal; ELEVATEn 25.4 MM. CURRENT, 86.4 MILOS PER 

MINUTE. 
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than half of that made by the surface of the water with the plane of the head 
end of the box, then the current will dive down and hug the head end of the 
box. The slope angle of the feed-sole, which gives the best results is .1°, possi¬ 
bly varying to 10°. Compare Fig 273 with 370 and 371, with all the different 
water quantities. It gives the highest speed of current, the narrowest wedge 
angle and 7io sediment on the feed-sole. On the other hand it is true that the 
higher the velocity of the water, the narrower will he the wedge angle'. It is 
also true that the 5° feed slope appears to roach a minimum in tliis respe(!t, and 
when high speed of water was attained by using a cycloidal feed-sole with 153.-1 
mm. fall, no gain was found in the angle. 

In regard to the quantity of pulp per unit of width, it is found that the 
retarding of the current and the increase of the wedge angle are less with 
larger and more with smaller quantities of pulp. For example, with 5° slope 
of feed-sole, feeding pulp at the level of the overilow, angles of the current 
wedge were obtained as given in Table 339. Compare also Figs. 370 and 371. 

TABLK 339.- WEDGE ANGLES FOR IJI FFliRENT QUANTITIES OF PULP PER UNIT 

OF WIDTH. 


Pulp per Miuut'’ 
per Meter of 
Width. 

Wiiltb, Corro 
spending to 100 
Liters Pulp 
per Minute. 

Angles of the 
Current Wed^e. 

Liters. 

Min 


426.1 

286 2 

10 

2H2.0 

854 0 

10 

190.0 

620 4 

20 


To show the proportion between the overflow and the eddy current, an ap- 
pro,\imate estimate was made of the two quantities, which yielded tlic values 
given in Table 210. These figures give an appro.ximate idea of the amount of 

TABLE 210. —SHOWING THE PROPORTIONS BETWEEN THE OVERFLOW AND EDDY 
CURRENTS FOR VARIOUS KATES OF FEED. 


Feed Water 
per Minute. 

Overflow per 
Minute. 

Eddy Current 
per Minute. 

Ratio of Eddy 
Current to Feed 
Water. 

Kilos. 

Kilos. 

Kilos. 


aa.4 

86.4 

182.1 

1 5 

67 3 

67.3 

258.7 

4 6 

3a.e 

88.0 

220.6 

5.9 


water picked up by the main current, while forming the wedge, during its 
passage, which emeunt, of course, is equal to that given up in the return eddy 
current. It should be noted that the top of the wedge is moving much more 
rapidly (275 mm., 211 mm. and 179 mm. per second, for the three ratios of 
feed given above), than the bottom of the wedge at the widest part (76 mm., 
63 mm., and 35 mm. per second). To try to reduce the eddy current, the 
author experimented with a horizontal board perforated with holes 6.35 mra- 
iu diameter and 25.4 mm. from center to center, on,, row staggered with the 
next, placed over the stagnant pool, for confining the current at the surface, 
and finds that it largely does away with the mixing of fine silt with the spigot 
product, if a balanced hydraulic is used. The advantage is more marked with 
the higher speed than with the lower. 

The author’s conclusions are that the box classifier is a scientifically iraper- 
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feet apparatus. It cannot be fed with such a product or at such a rate, or 
with such adjustments that it will do perfect work. There is always the return 



PIG. 27Aa. —I’l.AN OF HITTINOUK’s SPITZKASTHM Al'PAKATUS. 
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eddy current to contaminate the spigot product. In this respect it differs fron 
the heft of the hydraulic classifiers, for they can do perfect work if they. ^ 
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run dowly with plenty of hydraulic water, and their departure from perfect 
work is due to the rush and drive to get commercial results. To get the best 
re.sults from it with normal running, use 5° slope for the fe(!d-sole, enter the 
feed at tlie lev(>l of the overflow and have the overflow perfectly level. To get 
the best results where it is desired to keep rich, fine slimes out of the earlier 
spigot products, use slightly deficient hydraulic water, which nearly supplies 
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FIG. 278o.— LONfUTlIDINAB SECTION OF FIG. 2786.— CROSS SECTION. 


FOURTH BOX. 

the spigot with water. This will be eommcreially wise only when the fine 
slimes are very rich. The supply of hydraulic water is better introduced from 
below, so as not in any way to disturb or interrupt the surface eurrent. The 
hydraulic pipe in this case is best of large size in order that the hydraulie water 
may have a low veloeity. 

Comparing a surface current with a whole current, the former stretches out 
the products in space to suit the positions of the maehines and at the same time, 
gives the more perfect sorting. The machines following a surfaee current appa¬ 
ratus get the better sorted products for feed. 

§ 330. Rittinoer’s Pointed Boxes or Spitzkasten Apparatus. —(See Figs. 
2740-2786.)—This is a series of hopper-shaped or pointed boxes in which the 
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width of each is double that of its predecessor, while the lengths increase by 
arithmetical progression. Ho recommends for each Austrian cubic foot 
(31.5857 liters) of pulp fed per minute, a width of 0.1 Austrian foot (31.6108 
mm.) for the lir.st l)ox and the sizes of bo.xes which he gives for treating 20 
cubic feet (631.7 liters) ])er minute, making four spigot products and an 
overllow, are shown in Table 241. 


TAHLK 241. —.SIZES OE RITTINGEr's TOINTED BOXES. 


■VVidtfi of Box. 

Lt'UKth t)f Box. 


Austrian Foot. 

Mm. 


AuBtrmu Feet. 

Mm. 

Iftt box 

. 2 

633 

Iflt box 


\,m 

box. 

. 4 

1,364 

2d box. 

..... 9 

2,845 

•M box 


2,533 

3(J box 

. 12 

8,708 

4th box 

.16 

6,U58 

4tb box 

.16 

4,743 


The sides h of the boxes must slope as niueli as 4.5“ with the horizontal else 
banks will form wliieh are liable to .slide down and choke the spigot, lie recom¬ 
mends .50“ as a good minimum slope to adopt. If the slope i.s sleeper than 50° 
for the larger bo.xes, they become' unreasnuably deep and require too much mill 
height. If a sjiigol is placed at the ajie.x, too large a quantity of ^iischargo will 
be made; a rising diseharge t (see also §206) will be preferred. For the 
first s])ignt, the outlet of the rising discharge .should be 3 to 3-^ feet below the 
surface of the water in the box; for the last, 2 to 2^ feet. 

Kitlinger gives the following instructions in regard to the u,se of his box 
classifier or niiilzh-astvii ujiimnil. The feed-sole /(. must be horizontal and at a 
level witli the overflow. 'Pile launders eonneeting the boxes must slope as follows; 
Feed to first liox, 1 to U inelies in 6 feet; bi'tweoii first and second box, ^ to | 
inch in tl feet; between second and third box, ^ to ^ inch in (! feet; between 
third and fourth box, i to i inch in 6 feel. The launders need a section of 
5 sipiare inches for eacii eulde foot of pul]) passing through them per minute. 
Distributors will be needed to feed jmlp evenly to the whole width of the later 
boxes. Where the overflow is eolleeted in a launder across the end, the water 
should have a drop of 4 to 6 inches, to guarantee no backing up and disturbance 
in the current tn the box. 

In construction, No. 1 and No. 2 boxes will have vertical sidc.s and sloping 
ends; No. 3 and No. 4 boxes will be hopjier-form with all four sides sloping 
to a point. No. 4 needs a vertical gate or deflector q extending 18 inches down 
from the surface to within 6 inelies of the sloping end, and placed 18 inches 
from the fc'ed end. This deflector removes this box from the surface current 
classifiers and makes it a whoie current classifier. The goose-neck spigot must 
not choke; it can be cleared liy wire outside, by little spatula inside, or by 
pulling out the plugs. 

The whole feed pulp may pass through a screen with 1-nim. holes to sift out 
coarse rock and fibre before reaching the box classifier. The apparatus should 
run eontinuously, as it requires care in starting and takes a little time to get 
into good running order. It should not be stopped at the moment the ore stops, 
as it will choke with the .sediment still floating in its boxes. 

The diameter of the spigot pipes must bo from \ inch to J inch, according to 
circumstances. The per cent, which each spigot product is of the total, may 
be 40 for the first, 28 for the second, 18 for the third, 10 for the fourth and 
4 for the overflow; or stated in weight, the yield will be: In No. 1 spigot, 25 
pounds dry slime per cubic foot of water; in No. 2, 20 pounds; in No. 3, 16 
pound?; in No. 4, 10 pounds; in the'overflow, 3 to 6 ounces. 

Separate boxes with connecting launders {spitzkagten apparat) are reedm- 
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nionHccl, whrro over 10 cubic leot of pulp per minute are to be treated, and 
when' less, (he hoppers ani to be made all in one tank, widening from feed to 
overllov\f (spUzyerimie). 

If a box classifier has only a porliori of the quantity of pulp it is designed 
for, I he (jiiantity must be brought u|) with clear water, or vertical longitudinal 
piirfiliojrs 18 inches deep and not necessarily extending to the bottom, may be 
dro|)p(‘d ill, using a. jiroportioiial part of the boxes. In case the fine slime con¬ 
taminating the earlier spigots i.s very rich and, therefore, causes too much loss, 
the usi' of a balanced hydraulic is recommemh'd to sujiply sullicient water for 
the spigot discharge, liut no more. 

'I’he great advantages resulting from the disjilacemeiit of the labyrinth by 
Hittingers .x/u/z/iVi.s/ea iij/juiral are: 'I’lu' labor of shoveling is savi'd by the 
(•outIIInous feed ami discharge: the ore is not settled down hard, requiring to 
he solieiK'd up and diluted helore its final tix'atnu'nt; the greasy flotation and 
loss, (hie to partial drying of pulp, is avoided. 

S33I. 1,1 XKKMiveil's Pointed Bo.xes, l)i m en.sions tn the H.vuz.—L inken- 
hach recoiiiiiieiids for TOO liters of pulp ]ier minute, (I.US mm. to 0 in diameter, 
a liox classifier with three hoppers, widening from 175 mm. at the feed end of 
the first to 1)05 mill, at llie overllow cud of the last (npilzijcnniic,), which has 
a middle widih of lirst box of ‘>‘.>8 nim.: of second box of ilia mm.; and of 
third li')x of 51:! iiim. .\ liox classitier for (iOO liters per minute would be six 
limes those widtlis. The length of the boxes he niake.s .‘l.tiOO, .1,800 and (i.OOO 
iniii. respectively, whatever luav he the width, d'he size' of tlu' rising sjiigot 
pipes or goose-neiks, is oOXhli mm., and their outlets are (iOO to 700 mm. 
below the water level inside the lio.ves, the earlier deeper than the later, lie 
recommends llie 50' miiiiiiium for shqic of sides, a feed sole slojiiiig (i^° accord¬ 
ing to his drawing, and entering at the level of the overllow. cross partitions 
hetwei'ii the hoppers, which conn' to tlii' h'vel of the ovi'rflovv. In ca.se a box 
chissilier lor Itoo Iit( rs pi'i* minute is vvauh'd, in vvhieli tlu' loss of mill licigbt 
would he lii-ge, Ik recoin mends cutting down thal heiglit by ri'idacing each hop¬ 
per by .several small hoppers, lie would have (i hojipers for the tirsi, (I for the 
second and 0 for tlie third. 


In the llarz'- a npilzhixlcti apparatus with four hoxi's, treating !) tons dry 
weiglit of Ihieiy stamped ore in hours, lias the dimensions given in Table 
S .1,1. 


TAHLE 212.-DliMEN,SION'S OP A .STITZKARTEN ArPAUATUR IN THE IIAUZ. 


Lciiptli at 
Water lievftl. 

Witlth at 
Wat-er Level. 

Depth, 

Meh're 

Meters. 


1 

0.43 

7.15 

2 UO 

0.72 

7.78H 

H 4(> 

7.296 

2 304 

4.32 

2.S04 

2.W80 


s .I.T? 8iinp.\ei! (luRiiENT Box Classifiers in the Mills.— Table 313 shows 
the box elassidcrs from the mills which are believed to use. surface currents. 
The lirst nine and the last two in the table are praetieally the Rittinger pointed 
boxes. The remainder arc Y boxes, but are so short that they probably act as 
surface current and not as whole current classifiers. ”'hey all discharge continu¬ 
ously by spigots and have no hydraulic water. The slope angle of the sides and 
ends of the boxes is generally steeper than Rittingcr’s 50°. 

The material fed is in almost every case the overflow of a preceding classifier. 
There are, however, two cases of entirely exceptional character. In Mill 31,' 
there is one apparatus treating ore, which is fed with undersize of a 4-mm! 
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TABLE 343.—SURFACE CURRENT BOX CLASSIFIERS. 

AbbreviationB.—(liK.=:(Hstribut()rs: <!iB b.=digtributinff box; Ft.-=feet; Hy —hydraulic; hy. cl.=hydraulic 
classifier; In.=inohes; J. hutches; 1. <l.=slower deck; mid.=middling8; No.=nuuiber; Ov.=overflow of; 

Rit.=Rittin;;er; h. c. h, <'l.=s«rfa<?i* current Ik>x classifier; si. t.=:8liuictable; 8p.s=spijfot«; tr.^troininel; u. d. 
=up|)or dc<*k; Uri.:=nri(lcr.siy.c()f'- unw.=unwaterlnK; Ver.=vertic;al; w c. box cl.=wfu>lecurrent box claHsifler. 


1 

1 

c 

Design. 

Length 

Width. 

Depth. 

Slope-of 

Sides. 

Slope of 
Ends. 

Diameter 
of Spigot. 




Ft. In. 

Ft. In 

Ft. 

In. 



In. 

15 

1 

Two pointed boxes. 

3 

7 

0.3 

3!4 

3 

0 







510 

a 



6 




S ^ 

22 

1 

Two pointed boxes. 

3 


a 2 

11 

cS 

Ol 

n 1 


« 



{S<‘eFig. 11.) 

6 

3 

a 4 


6 

tri 

U) 

W) 

2f: 

1 













with 8 spigof.s in 












1st and 2 in 2d. 










25 

2 

Pointed box (d).... 

2 

3 

n 

3 

2 

0 

fi0° 


1 

25 

4 

Pointed box (c ).... 

2 

6 

2 

0 

2 

6 

03>i« 

5«>4“ 

1 

25 

2 

Pointed box.'{/).... 

4 

0 

4 

0 

ft 

0 



1 

26 

2 

Pointed box (ff).... 

4 

0 

4 

0 

ft 

0 

C(Hi» 

WJ4" 

1 

2.5 

2 

Pointed box (A),,.. 

12 

0 

8 

0 

10 

0 

.580 

4R'’ 

1 

2S 

1 

Two pointed boxes 
(i) 

12 

0 

0 

8}4 

3 

2 

43“ 

4IIH° 

2 

di 

1 

Vhox with 3 ppig- 

4 

0 

ji 

e 

3 

0 

7114“ 

Ver. 

iy* 



ots. (See Fig C) 



0 

6 






81 

1 

V box with 5 sp. 

20 

0 


n 

3 

D 

00^4" 

Ver 




(fc). (See Fig. D). 



0 

H 






81 

1 

Similar to preced- 

18 

0 

/8 

0 

a 

0 


Ver, 

.... 



ing. 



0 

ft 






81 

1 

V box with 8 splg- 

4 

0 

ji 

0 

a 

0 

S3H° 

Ver, 

iM 



ots. (See Fig E ) 



0 

4 






88 

1 


24 

0 

s 

6 

2 

0 






pers and G spigots 










83 

1 

V liox with 8 hop- 

25 

0 

2 

8 

2 

2M 

BSW 


H 



IH.*r8. 










85 












85 

1 

Pointed box. 

6 

0 

S 

6 

4 

0 

IW® 

57« 



Feed. 


Ov, No. 1 hy 
classifier. 

Ov. No. 1 hy. 

classifier. 

Ov. No. 1 hy. cl 
and mid. from 
slime table. 

|Part, of J. IT , 
297min toU. 
Rest of J. H. A 
ov. No. 1 H.c. b 
ol. y.HTmm toO 
|()v. Ni> 2 8. c 
box classifier 
[Ov No 3 s. c 
box clasKiflcr 
Ov. No. 4 8. V. 
Ikjx classifier. 
Spigots of No. yj 
hy. classifier. 


Underslzo of! 
No. 2 trommel 
4 mm. toO. 

Ov. No. 1 & No 
4 8 c. b. cl. 

Ov. No, 2 B. c.l 
box ciasKifler. 
Undersize of| 
No. 3 trommel 
2.5 mm. to 0 
|Ov. No. 1 by. 
clasBifler. 

|Ov. No. 1 8. e 
box olasaifler 

iThitvl sp ami 
ov. No. ihy.d 


lOv. No. 1 hy. 
' classifier. 


Destination of 


Spigot 

Products. 


(n To No 1 tabic 
k2) To No 2 table 
Dl'o No t sl.t 

2) To No 2 hI.I 
I) (2) To No. 1 
slime table. 
:-{K4)(.'))ToNo 
2 slime table. 

7’o trunking 
machine. 
jTo trunking 
machine. 

Tf) distributors 
for jigs. 

To distributors 
for jl^. 

Todis. for Rit 

lableB. 

jfl)To u. d. No. 

J RHm«‘ table. 
;(2) To 1. d. No 

2 Ktiine table. 
(DToNo Oiig 
(2) To No. 7 jig 

3) Tf> No 8 jig 
All to No. I 

Kliin<‘ tubk' 

All to No. 1 
slime tabl(^ 
(l)To No. »jig 
laiToNo. lOJig 
CHiTo No. II Jig 
1' To dis b. foi 
slime table. 

(2 ti) Not, ns<*d. 

3 sp to diR. b. 
tor slime table 

.5 sp. not used 
1(1) To sl.t ortol 
No I viiimer. 
12) ToNo.2van- 
n4‘r. 

To No. 1 laimp* 
ing table 


No. 1 w. c 
box cl. 

Hy. watet 
for jigs. 
Waste. 


No. 2 8. c. 
box cl. 

No. 3 8. c. 
box cl. 

No, 4 s. c, 
box cl. 

No. 5 8. c. 
liox cl. 

No. 1 unw. 
box. 

No. 1 w. 0. 
box cl. 


Nf*. 2 8. c. 

box cl 

No. 3 6. 0. 
box cl 
No ! w, 0. 
Ikjx cl 
No. 2 8. 0. 
box cl. 


No. 
box el 


Waste. 


Waste. 


8 . 0 . 


(a) These are averages, (/o The total length, Htraight, is 13 feet H inches, (r) Tbtise are approximate, (d) 
Points box with feed at one end, and overflow at one side. Both are on the same level and are 10 inches wide, 
7 inches high and 5 inches bfdow the top. (e) Pointed box with vertical sides at the top 12 inches high. Fed 
at one end, and has overflow 18 inches wide and 12 mcln's deep. {/) Pointed box with vertical sides at the 
top 80 iuciics Iiigh. T'Vd at one end by a siiout 18 inchcH wide, and 12 inches deep, (f/) Pointed box with verti¬ 
cal sides at tlie top 30 inches high. Fed at end <iver the full width. (A.) Pointed box with two spigots and verti¬ 
cal sides at the toj> 51 inches high. Fed at end over a width of 4 f<«t. (i) Two pointed boxes w ilh five spigots. 
Fed over a hoard, delivering backward at one end. <j) These two valuw are the top and bottom widths 
respectively, {k) This lias four cross partitions, each 2 feet high. 
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trommel and another treating middlings, which is fed with the undersize of a 
S^-inm. trommel. In these two eases, the first spigot product will contain mineral 
grains as large as the largest grain of ganguc; the later only will be true sorted 
products. 

In Mill 15 the first bo.x has a horizontal checker work of wood strips 
inches on edge, leaving holes inches square, which has for its object the con¬ 
fining of the surface current at the top of the water. 

Sizing tests of the classifiers of Mills 22 and 28 are given in § 352. 

V. Whole Cuerent Box Classifiers. 

g 333. General.— The ideal classifier of this group is provided with a feed 
apparatus which distributes tbc pulp over the whole cross section, starting all 
parts of the current alike, and maintaining its How at a uniform rate to the 
further end. It should be designed according to the rules given for settling 
tanks, which are preferably siiuare with bottom divided ui) into small hoppers 
(see g341-31S). 

The speed of the current is much slower than that of the surface current box, 
and its carrying power for tlie coarser grains is very much less. Grains of 
any speoitied size will, therefore, be dropped very much nearer the head end 
than in a surfai'c current apparatus. If it is discharged continuously by spigots, 
each spigot product will be contaminated with fine slimes which belong in later 
spigots or in the overflow. 

These cla.ssifiers in tbc square form, with hoppers below, arc the most perfect 
settlers there are, but they yield the jiroducts so nearly together at the start that 
unless this has been allowed for in mill construction, the mill man finds his 
first vanner or table overloaded and his last with nothing upon it. This diffi¬ 
culty is easily remedied by launders, if the mill has a little height to spare, and 
the advantage of the good settling may be utilized in one of two ways: 

(1) If it is desired to food the machines which follow, with classified prod¬ 
ucts, then tne collecting launders for the spigots will run across under the tank, 
colleeting all the No. 1 spigots together (see Fig. 279), the No. 2 together, and 
so on. Thus, in a case where four grade.s of jiroducts wore being made, the 
first coarser product may be sent to two or more machines designed to treat it. 

The No. 2 spigots will probably sujiply one machine. The No. 
3 and No. 4 spigots may need to bo combined to feed one 
machine. 

(2) If it is de.sired to feed whole pulp to every machine, 
then the collecting launders may run lengthwise under the tank 
and eaeh launder receives a like quantity and size as its neigh¬ 
bor from its set of spigots, one each of No. 1, No. 2, No. 3 
and so on, and all the machines which follow are fed alike, 
both as to quality and quantity of pulp. Whiehever of these 
schemes is adopted, the overflow is thoroughly sritled W'aste 
water. 

Such a tank will require at the feed end a large surface of fine screen, 1-mm. 
holes punched in plate, to remove the fibre and chips of wood floating in the 
water, and a vertical screen plate, with perhaps ^-inch holes, to break up the 
current and start uniform velocity. 

A V box may give almost equally good results if it has sufficient size, both 
in section and length, and has a row of spigots along the bottom. Tbe two 
qualities of products may easily be obtained here as in the other case, by send¬ 
ing successive spigot products to the successive machines where approximately 
sorted products are wanted, or by collecting all tbe spigot products together 
and then distributing them where like whole pulp is desired on all machines. 
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TABLE 244. —WHOLE CUKRENT BOX CLASSIFIERS. 

Abbreviations.—c. t.^eanvas tables; dis.=^distrihutor.s; dis. t -(bstrihutinj? uuik: Ft.-fw't; n =headHof- 
by. d.=iiydrHuIic classifier: In^iuches; I. d.-lower deck; mid =iriiddlinffs; N -none: No=mjmber- Ov J 
overflow of; Ueci.-rectanKiilar; Ru. t.^Rittinj;er tables; s c. b. cl ^surface current box claRsiJler;^ sot i~ 
aetthUK tank; si. t.^slmie table; Ta.=:Uuhugs of; van =;vanner; Ver.=:v.:rucal; w c box cl-whole current 
box clasBifler. 


Length! Width Depth 


(St‘e A ) 


spigots. 

24 1 Reel box {bh). 

(See Fig. B ) 
24 1 Rect. box ID 
(See Fig. C) 


24 ! Pointed box (d 
(See Fig. I) ) 


(See Fig G.) 
28 1 V tank (/lA). . 

(Bee Fig H.) 
80 2 V box (i). .. 
(See Fig. I.; 


spigots. 

82 1 Tan ks (jj) 
(See Fig. f.) 
32 1 V tank (A?)... 

(See Fig. K) 
85 1 TwoVUihks(l). 

(See Fig. L.) 
88 0 V tank with 4 
spigots (oo) 
88 J V tank With 4 
spigots. 


(Bee Fig. P.) 


43 JjV tank (ar)... 


1 Ft. In 

8 

1 

68 

6 

3 6 8 

0 

3 

5 

6 

10 

) 3 

8 

11 

0 

lU 

0 

15 

0 

18 

10 

25 

2 

9 

4 

1 

4 

1 

4 

1 

4 

1 

4 

36 

0 

40 

0 

4 

e 

17 

0 

16 


12 

0 

12 

0 

14 

0 

18 

0 

16 

0 

86 

0 

12 

0 


■S j I oi ;i| I D-'Stmatio,, of _ 

)i-plh g,-! go I Feed. 

Spigot, ProductB, Overflow 

c/j W o 

Kt In In 

4 i) Of)® 45" iHi Cv No 1 8 c b cl To No 3 .si table Waste. 

7 4 fid" fid" — Ov, No 1 hy cl . To vnnner.s .. No 1 set. t. 

7 U fiij" Ob® —Ov. No. 1 hy. cl To vanuers ... No 1 set t. 

2 3:k4 Ver. Ver. k Ta. No. 5 jig... . All to No 6 jigs No a w e 

4 0 Ver. \’er. ^ Ov No. I w. c. b (la)To No. 1 kJ t No. 3 w. c 

cl. (cc) (11)) To No 2sl. t box cl 

fSa) Not used. 

, ^ (2b) To No H .si t. 

4 0 (K" CO" No. 2 w. c To No. 3 k 1. t... . .No. 4 w c 

j box <'!ahHifkT. b<>x (d. 

5 0 fifi" r/Jiji" •b<N>v No. 3 w. c AntoNo4Hi. t. le) 

b)x classilier. 

7 0 Ver. yi\ (/) To dis for Hit. t R»‘.servoir 

n ^ I potid. 

3 fl 54“ .53" yJli'Ov No lliycl To Woodbury No 2 w c. 

! vanuers box cl 

7 3 cajji" Ver. A1 jf)v No 1 w. c To slime table. VVusre. 

! box idushifler. 

5 10 riStij® 2 jOv. No. 2 hy d All to I d of No. Waste 

! AN*) Is c b. d 2 slime table 

t 07Hi“ Ver. ^ Ov No. 1 hy. cl. fl)ToN») I si t No 1 dis. t. 

<y)T*. No 2 rI t 
(3> To Nos 1 ami 
3 s} t 

„ (4)ToN*) .1^1 t 

3 6 78“ Ver No. 1 dis. t. (l)(2)ToNo,7van No 3 w r. 

_ - „ I (3m O'l'oN*) H van box el 

3 C 73“ Ver iHi Ov No. 2 w c. (l)«2iToNo Ovan No ] set t 

I box classifier (3)(4iTo No 10 van 
3 0 03>4“ Ver. ... ;()v.No 3s c.b.d To No. 2 si t .. . No 2 w. c. 


. 7 U Cb" 6 b® 

1 2 2 Siki Ver. Ver. 


0.5“ r/Jiji*' 
Vcp. 


1 0^4 Ver. 


03>4“ ViT. 
G3^{j“ Ver. 


Ver. .. . ()v No 1 w. c ToNo 2 f 1. t. . . \'unners 
I box elassifler. 

Ver. 14 - jOv. Nos. 1 ami 2 To slinietables. . Waste. 

% L.7- fi¬ 
ver. Mid, 1. <1. of Rl. t.. (kk) Wa.sle 


0 niC0“ Ver. (a) jOv. Nos. 1 ami 2 
j hy cl. 

0 76“ Ver. %\ ip) 


0 53“ Ver. lOv. No. 2 hy. d.. (qq) 

Ver ■ • 

0 63^“ Ver.jOv, No. 41iy. c1..|To vunners. 


inn) Waste. 
To slime tables Waste. 
To slime tables.. Waste 
Waste. 


3 0 Ver. 00 “ 


% Ov. Nos. 1 and Q To vanners. None. 

hy. d. 

... Ov. Nos. 2 and 5 To vanners. No. 2 w. c 

hy. cl. box cl 


41 1 Ttmk (v) (Bee. . .[ia75“ Ver. .... Ov. No. 1 w. c To vanners .... . No. 1 set t. 


box elassifler. 

0 . Ov. hy. cl. T*) slime table... No. 1 set. t 

8 60“ Ver. A, Spigot of No. KliToNo liable No. 2 w. c. 

H. unwaterlug box (2y To No 2 talile. Ijox cl. 

(.3) To No. 3 table 
, (4) To No. 4 table. 

4 BO" Ver. ^Oy. No 1 w. c. To 3 vanners.No. 1 set. t 

box cla.ssifler. 

0 Ver. Ver. N. H. Utset of c. t.. (z) 2dB<‘tofc.t 


(o) Cone With feed about 0 inches abt)vo overflow (see C, Fig. 248). (h) Dlamef,er ( 66 ) Kectangular box 
with a cross dam 21>4 inches high and a vertical deflector 1 mch thick and 8 inches deep placed to inches 
from the feed end. ic) Rectangular box with a cross dam to its full h*dght au*l four splgors. (cc) Middlings 
of shme table ore also fed to second compartment, (d) Pointed box with one end vertical, onecndsl«>ping 47 i 4 “ 
and each side sloping 66 “ (dd) Bo* with two compartments each with one side vortical, one sitie sloping 40“ and 
end sloping 59U“ . (e) Sometimes to No, 1 settling tank but usually to pond, (rc) A V box with 1 spigot. 
Ends are vertical and sides are vertical for'19 inches and then slope 58U“ to the bottom. (/) Spigot or^ 1 
unwaterlng*bgx and middlings of No. 1 and No. 2 8 llm% tables. (//) A. V tank with hoppers, (a) This also 
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§ 333 

has a 9^-ineh t;oose neck which is not used, (gg) A V tank with 5 spiffots and no hoppers; the sides are verti* 
cal for 18 inches from the top; the feed launder is at one end and is 34 inches wide and 3 Inehes deep; the 
overflow is over tlie who.e width of the other end and is 8 inche.a deep. (A.) This is a goose neck, {kh) A V 
tank with 6 spigots; it is fed by a transverse launder with forward p(j[nting auger holes, (t) A V box with 
threecross partitions and a catch hopper at the end: partitions do not extend to the bottom; wabT is 4 inches 
deep over tne flret par(4tion and 3 iuelies over the last, (j) These two values are tJie top and bottom widths 
respectively, (jj) Four tiers of tanks aJ! with the same cross sixdion and with several spigots m each tank. 
(k) A V tank with four compartments and sixteen spigots. Ikk) Each compartment feeds a vauner. (i) Two V 
tanks side liy side witli tw«*nry-four spigots (ni) Approximately, (n) hich for first tank, U inch for sec¬ 
ond tank. (an){l—to No. 1 slime table; (7 18) to Nu yslime table; (!.H 15) to No. 1 vanner; (H)—18) to No. 
2 vaiinor; (19—81) to No 8 vanner; (23- 84) to No. 4 vanner. (o) Two sets with 4 in w»ries in eaoli set. (oo) A 
V tank with 4 spigots; a li-mesh screen catches sticks in the feinl. (p) (.)verflow of No. 1 uuw'aterer, of Nos. 1 
and 8 hydraulic classillers and secoml hutches of Nos 8 and 13 Jigs ( pp) Overflow of Nos. 8 and 4 liydrauhc 
claasiflers and No. 8 unwatering box. (7) V tanka with one side vertical; tliere is a di.stributor, 2 feet’6 indies 
long, 80 inches wide and a feet deep for each two tanks; each tank has thive spigots. (77) Each tank fet^s 
four vanners. (r) A V tank with two spigots. (/») Two in series («s) A V tank with eight spigots and three 
cross partitions with ojsmmga in them 6 inches above tlie botiom of the Uink IS indies high and extending 
the width of the tank (fi A tank with eight cross V's on the bottom about 1 foot 9 indies deep; a distributor 
feeds over the whole 8.5 f«x*t. at one end; then* are six spigots in eacli V but only tliose in the first three V’s 
are used (a) Tank wirii two cross gales and one cross dam and with four spig(»t.s (c) Four sets witli four lu 
aeries in eivob set. (jc) A V tank with four spigots; hopj>»*i‘s formed by mud reach i<) within 18 inches of the 
bjp of the water, (.c) A V tank with twelve spigots of winch every fourth one runs at a time wdiile the other 
nine are catching .settlings, (y) Rectangular with a <iam 2 feet from the feed eud and 8 feet below the top, 
making two compartments, (z) Each compartment separately to a vanner. 
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Where wooden hoppers are not provided on the bottom of rectagnlar tanks, 
or where V tanks are used and these tanks have spigots for continuous dis¬ 
charge distributed over the bottom, then the sediment will shortly make its 
own ho])]iers with almost the same regularity as those made of wood. These sand 
or slmic hoppers are, however, not regarded with favor, as they are liable to 
petty land slides, which may cause derangement and temporary clogging of the 
spigots. 

S :i;t4. Data from the Mii.r.s.—In this group, however, the author is forced 
to place a great variety of irregular current classifiers which only imperfectly 
realize the. ideal w'hole curnait (see d’able 244). Many of them use plunging 
streams which give a rapid current along the bottom toward the tail, favoring 
the holding^ of partich's in suspension for the purpose of distribution and, 
therefore, hindering settling. Some of them give surface currents which nish 
toward the tail until dissi]mted, but their fonns are not calculated to realize 
the advantage of surface currents, if that was their purpose. Others seek by 



Flo. 280.— SKETCH OF ERSKINE RAMSEY SLUDGE TAMK. 


other means the accomplishment of the same result; for example. Mill 24 uses 
a series of four tanka, the feed to each of which has a tube or deflector to force a 
strong current to the bottom, and thereby prevent quiet settling, while favoring 
distribution. Mill 40 has cross partitions with openings in them near the bottom. 
These hasten the current and prevent settling, again favoring distribution. The 
idle top in this case has the further curious effect that the .surface water is 
almo.st perfectly clear, it having no office to perform. Mill 30 ha.s cross parti¬ 
tions with notches cut in the lop and holes left at the bottom, both for hasten¬ 
ing the current to prevent settling, and favoring distribution. In all cases, 
except Mill IS. the discharge is by a continuous spigot. 

Sizing tests of the products of the olassifiers in Mills 28, 30 and 38 are given 
in § 352. 

§ 335. The Ramsey Sludge Tank (.see Fig. 280), u.sed for removing waste 
from fine coal, is W'orthy»of being brought to the notice of concentrating works. 
It consists of a short vertical cylinder with a conical bottom and a gate c, at the 
apex, for removing the sludge. Near the top is a circular deflecting plate' a, 
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§ 336 

to distribute radially the water and sludge. Above it is a vertical pipe for feed¬ 
ing th(! same, and beneath it a vertical discharge pipe b, leading to pulsometer 
steam pumps. A fre.sli water pi[)e with a n^gulating ball cock (j, is also pro¬ 
vided to furnish additional water in case the quantity falls off. The water 
currents are indicated by the long arrows and the falling sludge by the short 
arrows. The principle of distributing and settling a])pears to be very perfect. 
It yields slate and pyrite in the sludge, while the lighter coal is carried over 
through the pulsometer pump.s to a Kobinson coal washer. 

g 33G. Buttgenbach’s Separator, used at Tarnowiiz, belongs in this group. 
This is a box about 1 meter square at tlu‘ fop, IXi* meters at the bottom and 
about i meters high (se(‘ Figs. tiHUf and asth). In it ar(^ four hoppers, each 
about J meter s(|uare; the low'er two, la and lb. are side by side, the other two, 
11 and 111. are above them, and one over the other, 'the ]iu]p enters the 
lower two througli a column rube i, being divided eipially between them, then 
rises over the side of the third and finally over the fourth, overflowing from it 
and delivering a spigot product from each of the four boxes, the first two being 
alike and mixed together. It is fed with 2-mm. stuff at the rate of 1.7 cubic 
meters (1,7(10 liters) pulp per minute, containing about 27 kilograms of solid 
material. The stuff in the first two boxes is between 2 and 1 inin. in size. 



DINAR SEOTION OF CROSS SECTION. 
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SEPARATOR. 

About 18 kilograms are discharged from the first two and the rest from the 
last two spigots and overflow. The apparatus is compact, but not convenient 
to control. 

g .3.37. Labyrinths and Runs are whole current box classifiers in which the 
settled product is allowed to accumulate, the apparatus being stopped periodic¬ 
ally for its removal. It is difficult to draw lines and give exact definitions of 
the apparatus included under this head, since writers diffcir somewhat. The 
author will use the word labyrinth to signify those long, narrow, shallow boxes 
which increase m rection in scries and each successive member of which is fed 
by the overflow of the predecessor. They act upon the principle of free settling 
particles. He will use the term run to signify those boxes of like form which 
have the tail built up by additions, as the sand builds. These depend in the 
main upon the free settling conditions, but instances may be found where, by 
lessening the water, widening the box or steepening the slope, they become more 
like tyes (see § 507), which act by the sizing action o^ a film of water. 

Such forms as these, which come between the deeper settling box and the 
shallower tye, must of necessity have a conflict of two opposite principles, 
namely, that of the settling tank, which settles the largest particle at the earliest 
point, and that of the film sizing buddle, which rolls the largest grain to the 
furthest point. 
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§ 338 

The labyrinth is practically out of date now, but as it does exist in some 
places, for example, in Cornwall, an instance is given.* It is composed of the 
following parts arranged in series which, after being charged with sand or 
slime, must be stopped and shoveled out. 

1st. Two shallow troughs in series, each 4 to 6 feet long and 10 inches wide, 
the head end being deeper than the tail. The first yields coarser sand, the 
second, finer material. 

2d. A number of troughs in scries, each 12 inches wide, 12 inches deep, the 
total length being i)0 to 100 feet. The width may increase toward the tail. 
The first trough may slope slightly, say 0.06 or 0.07 inch per foot, and the 
last one not at all, or they may all have no slope. 

3d. Boxes, 6 to 10 feet square and 3 feet or more deep, there being three or 
four of them in series. 

4th. Boxes similar to the preceding, but of larger dimensions. 

5th. Two reservoirs, each with an area of several hundred square yards, may 
also be needed. If these are msed, some of the other boxes may be omitted. 

The disadvantages of this apparatus are: (a) It is an intermittent washer. 
(5) Tlu! slmvcling is exiH-nsive. (c) 'I’lie setlliiig makes com])act masses 
which must be wetted again I'or subsequent treatment, (d) 'I’lie partial drying 
causes loss by greasy flotation. In case it is de.sired to run continuously, a 
duplicate set is necessary, one set being filled while the other is being cleaned 
out. 

§ 338. Runs formerly had an extensive application, but to-day they are 
found in but a very few mills in places where it is desired to extract a small 
amount of partially concentrated material from a large amount of low grade 
sand. They have the same disadvantages as labyrinths. 

As described by Bittinger, for use on sand uji to 1 mm. diameter, the runs 
should he 10 to 12 inehes deep and should have at the head ends, gates elevated 
2 inches, followed by dams 3 inches high, to get even distribution. At the tail 
end, the dam is built up of 1-inch square pieces running across and held in 
place by cleats on the sides. A now piece is added as soon as the building of 
the sand demands it. 'J’he sizes recommended for each cubic foot of pulp fed 
per minute, are given in Table 245. The tail of No. 1 box should be above the 
feed of No. 2 and so on. 

TABLE 245.— SIZES OF RUNS FOR EACH CUBIC FOOT OF PULP FED PER MINUTE. 







Feet, 

Feet. 

iDcfaes. 

First box. 


12 


Second box... 


18 

Level. 

Third box. 


24 

Level. 

Fourth box. 

_Hi 

80 

Level. 


In Mill 45, the tailings of the finishing jigs go to two No. 1 runs, the over¬ 
flows of which go to one No. 2 run. The dimensions of these are given in 
Table 246. They yield settlings to jigs and final overflow to waste. 


TABLE 246. —RUNS IN MILL 45. 



Length. 

T71dUi. 

Depth. 

Slope. 

Interval of 
Cleaning. 



Ft. In. 

2 0 

2 7 

Ft. In. 

1 m 
0 11 

Deg. Min. 
1 86 

0 46 

Houm. 

0 

!i_j 


Mill 79 baa a rough form of classifier without hydraulic water, and with , a 
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§ 339 


B’holii current, and it Is somewhat similar to tyes and nins in iis action. It 
consists of a launder l.'i feet long, Ki inches wide and IG inches deep. Vanner 
tailings are fed at Ihe middle and How toward the two ends, discharging graded 
products through 1-ineh holes, of which there are six distributed through the 
length of each half and one in the middle, thirteen in all. These products go 
to ritlle boxes, where .some of the heavier stuff is caught, while the lighter 
material jiasses over to three other clas.sifiers similar to the preceding. The 
one for the coarser mali'rial is 30 feet long, 10 inches wide and 13 inches deep. 
'I’he liotloni is level and has si.xti'en holes in it, each 1 inch in diameter, which 
deliver graded pi'odiiets to sixteen canvas tables, d'he two classifiers for the 
finer nmtiTial have no slope' and are each -121 feet long, 10 inches wide and 13 
inches de(>p and ea<'h has 23 hoh's 1 inch in diameter for spigots with a dam or 
riffle block I inch high and I inch thick, running across the trough just be^yond 
each bole, 'rile \iafer Is 3 inches dee]) at the head end and 2i inches at the tail. 
The products of the,se sjiigots go to i(i canvas tables. 


VI. Dl.STltlBUTINU 'i’ANKS. 


3;)9. 'I’hese are usually long tanks fed at one or more points along the side 
(see 'ruble 2)’i), 'I'lu'y give a simple way of getting like (luality and ipiantity 
of whole pulp to a numln'r of slime machines, but they tend to give a rich, 
unsettled overfiow. All the di.sfribuling tanks in the table are of V .section 
and discharge by I'onlinuous sfugots. 'I’he author is in doubt as to whether 
tho tank of Mill -tti, 'I’able 217, may not belong in whole current box elassitiers. 
'I'he eajiacity of fhe,s(> tanks is unknown, hut the reader can get an idea of the 
tpianlity of ore and the number and kind of machine.s which eontrdmte tho 
jmlp, by consulting the scheme of mills, Chapter XX. The capacity of each 
tank in Mill 48 is 40 tons dry weight per 24 hours. 


TAlll.IS 247.— DISTKinUTINO TANKS. 


Abbrcviatinn* —Ft tsffOt; hy t;! =hy<lraiiho clan»ifi«‘r; ]n .■=-ine)iHs; M smitMliiiifK (»f; No.ssmimber; 
Ov =nvfrHow nf. si. I r-slitrn* tables; = vertical; w c box cl-wholHOumin! box clasHitier. 


d 

1 , 



Width 
at Top 

! WlrtUi 1 


! Slope from j 

U 7. 

T F 


1 destination of 


U; 

Fi 

Pesign. 

Lonrth 

1 at 
i Bottom 

i 

DupUi.! 

of 

Sides 

of 

Ends 

£ ^ 
CS!£ 

Feed. 

Set tlmgs. 

Overflow. 

30 

1 

A V tank (a) | 

Ft In 

60 o 

Ft In 

4 0 

Ft. In 

; 1 

FI In 

3 6 H 

Cfl® 

Ver. 

In. 

% 

% 

Ov. No. I w. c 

To C vannei'i 

No. 2 w c. 

34 

1 

' {See 1- .g. A ) 
V tank {hi.. 

90 0 

2 S 

n 6 

2 C 


Ver. 

box classifler. 
Ov. No. 1 hy. ol.. 
Itfid. si. table.... 

To 4 si. t.. j 

i>ox cl. 
WasU. 

3t 

1 

V tank (r). . 

IK) 0 

2 3 

0 5 

2 6 

70“ 

Ver 

% 

To 7 vanner. 

Waiste.. 

44: 

11 

A V box (<l) 

9 6 

4 5 

0 6 ,U, 

3 6 

61“ 

Ver. 

H 

Ov. No. 1 hy. cl.. 

'I’o b1 t. 

Waste. 

46 

4 

(Sop Fig It ) 
A V tank (rl . 

15 0 

J 0 

1 e 

4 0 

74KC 

Ver. 

Ov.No.lhy.c!.(/) 

To si. t . .. 

Waste. 

47 

6 

V tanks iu)... 

(A) 

4 G 1 

! 1 s 

4 0 

6H“ 

Ver 

i 


To si. t.... 

Waste. 

48 


(fc){Seo Fig.C) 

14 0 

4 6 

2 6 j 

6 0 


Ver. 

(1) 

Ov. No. Iby. cl..; 

To si. t. ( 7 ») 

VVaste. 


(a) A V tank with 12 spijfots. i'liul at Biiiit by three distributing boxes each 8 feet long, 8 inches witle, 4 
inchen deep, and ft*edfne over a straight edge 8 feet long. (?>) A V tank with ^ spigot*. Fed over the side at 
varltms points, (r) A ■\ tanic with 40 s]>lgota. Fed over the side at various points, (d) A V Ixtx made of 
2 inoh plank; one'or evt'ry steam stamp (e) A V tank with two or three spigots (/) Also, middlings of 
table; sett,liiigH of No .2 settling Uinks; kiove ti>ps. (o) V tanks with four spigots; larger ones are fed at mid* 
die and overflow the ends; smaller ones fed at one en<rand overflow at the other. (A) Two are 20 feet and four 
are 16 feet. <i) Five treat overflow of No. 1 hydratilic classifler; one treats kieve toj>s anti table middlings, {j) 
There are two f<*r each of l our steam stamps and one for one steam stamp {k) Each tank has four spigots 
and two hydraiilit! idassiliers feed each tank, ii) Facb tank has two spigots and two ^-inch spigota. 

<7?i) A ^irinch and a %-iucli spigot to each table. 
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At Friedricheseegra. an apparatus is used with 48 pointed boxes in two 
rows, side by side. The pulj) moves forward ihrougli »i4, and returns 
through 24. Each box is 5 feet long, fi feet 4 inches wido and 6 feet 8 inches 
deep. Each box, after the first four, has at !)5 inni. below the surface of the 
water, a pipe for taking olf surface water to bo carried back and used on the 
slime tables. In this way, the need for widening the boxes is avoided. The 
spigot products are grouped, taking four spigots from each row to contribute 
to eaeh product; for e.vample, the lir.st product receives jnilj) from Nos. 1, 2, 3, 
4, 45, 4(i, 47 and 48 spigots; the second from Nos. .5, 0, 7, 8, 41, 42, 43 and 44 
spigots, and so on. While Ihe jiointed boxes would naturally jtlaee it among 
surface ('urrent box classifiers, the mode of combining the s[)igot jiroducts undoes 
this work and the ajiparatus appears, therefore, to be more of a di.stributing 
tank. 


VII. Unwathuing Boxes, 

g 340. These are used to lessen the wafer carried by an unfinishod product, 
which may range up to (juife coarsi> .sand (.see Table 248). As a rule, the 
spigot product contains all thi' value, d'he overllow is thrown away, unle.ss 
the water is to he saved and uscsl over. As their .sole use is lo .■settle jlie sands, 
without any atlemjit at classification, the ideal design should use a whole current. 
The great variety of de,signs found in the mills show that this jilan has not 
bemi adopted as a rnle, and the unwaterers are, therefore, often larger than is 
needed, although smaller than the elassitiers of groups IV., V. and V’l. They 
may be used to uiiwater the earlier spigots of a elassilier previous to Jigging. 
They may unwater the tailings of an earlier jig sieve before feeding them to 
the later sieve. They may nnwater the feed pulp of a classifier (see Mills 25, 
41 and 43), in whieli ease the overflow may he of value and is treated accord¬ 
ingly. d'hey may unwater the middlings or tailings of Jigs preparatory to 
reeru.shing. They may unwater the middlings of slime tables preparatory to 
finishing them. The designs given in 'Fable 248 all di.seharge contimioiisly by 
spigots, exec'pt two (Mills 87 and 88), and from these the sand is easily 
shoveled to stamps. A sizing t(;st of the ov(;rflow of an unwatering box in 
Mill 38 is given in S( 362. 

The Mayllow’er mill of Colorado n.scs the hoot of its elevator box as an un- 
waterer for the tailings of Jigs, the fine overflow being sent to amalgamated 
plates, and the c(jarse elevated to stamps. 

VIII. Settling Tanks. 

§311 Genekal.— Thc.se are u,scd to settle finished products, whether con¬ 
centrates or lailiiig.s, from currents of water. Settling tanks arc of two kinds; 
(1) 'Fhosp which collect the great quantity of eoar.scr, heavier grains; (2), 
'I'ho.sc which take the overflow of (1), collecting the hast of th(: fine grains that 
it will pay to save. In regard to the first l:ind, they are generally de.signod for 
ea,se of receiving their prociucis and of delivering the settlings to the store bins 
or curs. Many good designs of these in the mills are given in Table 252. In 
regard to the s(cond elas.s, or setlliiig tanks proper, tiie mill man will desire 
to get the greatest effeet from the least cubic contents of the tank and the prin¬ 
ciples involved will be discussed with that idea in view. 

To make tin mosl of a settling tank, it must have a whole current, that ie 
to .say, one of nnifomi_ velocity from sid" to side, from end to end and from top 
to bollom. 'I’l'c means of getting a whole current, the relation of speed of 
cnrTei.t to size of grain to lie settled, and the relations of length, width and 
depth, arc the irapoitant factors. 
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TABLE 848.—UNWATEHINO BOXES. 

AbbreviationB.—Con™iit.=coni)entrates; eI.=eIevator; Ft=feet: by. cl.=hydraullc cla«»lfler; H. Kjb 
H utitingtOTi Mill; In.=niche8: mid. = tnlddllnKS of; N.=noiie; No,=mmiber; Ov,=Overflow of; H«(!t.=ireet-' 
ResBr..^R«*^rvoir; b. c. b. cl.=flurfa<x^ current box classifler; set.=Battling: sp.sspiKOt; T.sstaUlcun' 
of; Un..—umlerHize of; Ver.=vertical; w. c. box ci.=whoIe current box classifier. 


jVtank(J). , 
(See C ) 
V’ t4inU, ; 
I Hpigot^ 

. 


Design. 

Pointetl box o 
Pointed box h 
{f) 

(See Fig. A.) 
Siiujt' as pre- 
ceiling. 
Same as pn 
I’edjng. 
ilieot. tanki/) 
USff Fig. B 1 


I pointed box 
[Keel (n». 


l(N»ne (Sf< 
K ) 

[(Jone 
Fig I-’) 


Length 

Width. 

Depth. 

Slope cf 
Siaes. 

Slope of 
Ends. 

Diameter 
of Spigots 

Ft. In. 

Ft. 

In 

Ft. In. 



In. 

3 

b 

3 

U 

2 

8 


58® 

1 

12 

0 

8 

0 

10 

D 


46® 

cl 

1 

11 

1 

0 

1 

1 

62® 

48® 

a 

1 

11 

1 

0 

1 

1 

62® 

48® 


1 

II 

1 

0 

1 

1 

02® 

48° 

H 

3 

0 

1 

G 

2 

o 

,.... 

Vor. 


(> 







Vc r 


ir, 

0 

.5 

0 

G 

0 

GO® 

Ver. 

LI, 

12 

0 

4 

0 

r. 

0 

00® 

VtT. 


H 

b 

3 

0 

4 

0 



6 









H 

8 

0 

3 


3 

0 

03® 



24 

(1 

10 

0 

2 

0 



N 

f) 

8 


0 

n 

0 



N 

»-2 

ii 



4 

0 

Vfl® 


8 

rl 

G 



I 

1?1 



''J'S 


Mid. jigs, 4.G mm 
to 0. 

Ov. No. 5 8. c. b. 
cl. 

let sp. No. 1 by, cl. 

2d sp. of same. 

3d sp. of same. 


Destination of 


! Spigot Prixluctg. Overflew, 


'T. No 8. f). 8, 9 .S ]fi| 
jigfl, 8.:l3mm to n. 
I7n No. 4 trommel, 
3.2 mm. to 0. 
jOv. No. 1 by. <‘l_ 

(in. No 3 trommel, 
a mm ti*b.‘ 
(’oneent tmm N< 
f>el., 11.1 mm totJ. 
!T. Nob I.SAdjlgn, 
4-iueKb to 0 
T. Nofl. 1, 2. 3, 4 A r, 
jigs, .S-mesh to 0. 

T. Nos. 1 and 2 jigs, 
3 to lO-mesii. 

T. Nos, 1 and 4 Jigs, 
lO'inesli to U, 
Hetweeii two 

iialves of jigs. 


By el. to H. M. 

No. 1 w. 0. Ih>x cl 

|No. !! jig.. 

Lno. 50 jig. 

Ino. 11 jig . 

Feeder for IJ. M.. 

No. 1 hy. classifier 

By el to No, 2 by 
elusaitifr. 

S(t. 2 hy classifier. 

1) N«), 8 set, tanks 
3) No. f) set. tanks 
Stamps (»i). 


Si,amps.. 
Stamps. 


WnsLe or to anotb- 
St*coud half of Jig. 


Waste. 

Reaer. (d) 

Waste. 

Waste. 

Waste, 

Waste. 

(0 

No. 1 set. 
tank. 

(fc) 

(m) 

Waste. 

(Ji) 

Waste. 

Wasti*. 

Waste. 


onH /.v»r , f * iiijihes v,.rti<;al at top. (id I'ointpd box with 4 feet 3 ineheB vertical at tup. Fed atone 

Thm L if,e pTw ^ ? spigotn at bottom and one in Bide IB lliehea lielow top and 0 inehes from overflow. Ce) 
ThiB iH tilt iow, I spigot; the upper is 11 inehes diameter, idi Top spigot to troiniiiel. (e) Feed boiird at 
nar/of the*’k,?l , ,”eV ' overflow. (/) Keetaiigiilar tank with slonliig liottom, and also the lower 

ttipi the bottom Wtilth is () Inehe.B. (Ii) About, (i) Some later tank. (/) 

flow to Bfemo Bi‘iimi',E‘’''i;,^i? '‘"h "'hh ' . (fc) I’lpes to No. 8 and No. 9 jigu aud over- 

wJf./ i"; * I i“ ‘ "I ' Ih Keotanguliir, with two spigots; one spigot is a ti-iiieh pliie with a gate. Pipe is 
pivoted to deliver to any one of ten settling tanks; other is a lu-mcli pipn with valve (,,,) Wato ftl? 
18 liie ies material in 3ie feed, (o) Uectangular, with overflow 

ter.' t>) lu a rnicli t/'lUear water for stamps. {_q) Uectangular, with two cross dams, (r) Diame- 



g 34,8. Mkan.s of Getting a Whole Cuhrent will bp (IM eoiiBidcred. The 
water may be made to lose its quality of a phnifrinj, stream by beinir fed in 
through a pt'rforated grating / (Fig". 888), bt'hind a partition. Tf it then 
passes through a perforated partition e. the stream will issue in litth' jets, each 
widening until they coalesee into one whole current. If at the other end the 
water find.s a perforated partition g, and behind it the suction due to tiie over¬ 
flow, it will be drawn from the bottom, as well as from the top, as a whole cur- 
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rent and discliarged. The perforated partitions e and g, if jnade removable, 
would simplify the cleaning up. Pulp must have first passed through a screen 
to remove fibre and chijjs, before coming to this tank. 

A simpler .scheme, which theoretically is not quilt; so good, is to distrihute 
the pulp evenly across the inlet end and to break u]) local currents by tw'o 
gratings, made uj) of vertical bars 1 inch stpiare, with 1-incli space.-, llie bans 
of the second grating staggered with those of the first. A similar set should 
be placed at the tail end of the tank. If it is desired to discharge continuously 
either of tliest; tanks, the bottom can be divided up into hoppers with sides sloji- 
ing 50“, and sjiigots may be cho.sen small enough to give pulp of the desired 
demsity, provided the tibn; ami cliips are out of the pulji. 

§ 343. 'I'liK 1 {ki,.\ti()n of Si’iiiii) of Crimn.NT to Si/,k of Gr.vin.— The 
smaller the grain of any given mineral, other things lieing equal, (lie slower 
will it settle, and llie slower must be tlH> current from which it is to he settled. 
In gejieral any given partiele of water must remain in th(> settling tank a 
length of time equal to the time needed for the sniallest jiiirliele id' ore to 
settle from the top of the tank to the bottom, fi'his will he understood by 
referring to the discussion of the path of the jiarticle, in the ne.\l piiragraph. 

Tlie fiatli of a partiele settling in a horizontal whole eurreiit of water will 
be the diagonal of the parallelogram of which the vertical comiioneiit ab (Fig. 




FIO. 384. 


383), represents the velocity of falling in water and the horizontal the velocity 
of the current in the tank. 'I'his diagonal at the .start will vary slightly from 
a straight line, because tlie partiele has a short period of aeecleratioii to reach 
its full velocity, and it will probably vary somewhat all along, owing to the 
inversion of the current, that i.s, the oeeurrenee of upward eurrents in any 
horizontal stream of water. 'I’his inversion, however, diininishes us the current 
lessens its speed, and the speeds liere discussed are very small. 

As the liifferent sizes and .sfieeiflc gravities of grains have different sjieeds of 
settling ill water, it follows that ttieir jiatlis will have different slopes, the quick 
settling, .steeper, and the .slow' settling, gentler. There will he some particles 
.so fine that they w'lll not settle in a week. It beeoiiies necessary, therefore, to 
decide uyion a minimum size of grain that the tank is to settle, and to run the 
current at a rate whieh will settle that grain. 

§-344. KEnvriON.s of liiiNOTU and Width to tjie Settlinc!. —'Bi'fore dis- 
cuMing the relatio.is of tlie length, width and dejith, let it be assumed tluit one 
foot of water above the sediment in a settling tank is deep enough for settling, 
and that this distance is a minimum upon whieli the deposition of sediment is 
not to be allow'ed to,encroaeh. That is to say, the tank must be made deep 
enough so that after it has settled its charge and it is time to clean it out, there 
is still one foot of water above the sediment. 

Jlaying the minimum depth at one foot, let us next consider the relations of 
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g 346 

length and width to the settling of ore particles. For this purpose let us suppose 
we have three tanks, as shown in Fig. 5J84, with the following dimensions: Tank 
A is 75 feet long, 3 feet wide; tank B is 15 feet long, 15 feet wide; tank C is 
3 feet long, 75 feet wide. These all have 22^ sipiare feet of area. If in all 
these tanks a perfect whole current exists, then A will be the poorest and 0 
the best settling tank, because the faster the current, the more will the settling 
be disturbed by inversion current and the ])oorer will be the settling. Suppose 
each of these tanks is fed at the rale of 15 cubic fi'ct per second, then tank A 
has a current who.^e velocity is 5 feet ])er second ; tank Jl, 1 foot per second, 
tank 0, 0.2 foot per .second. In each tank it takes 15 second.s for a particle of 
water to travense the tank, so that in A a parriele has 15 seconds to settle in a 
current of 5 feel per second; in B a particle has 15 seconds to settle in a cur¬ 
rent of 1 foot per second; in 0 a particle has 15 seconds to settle in a current of 
0.2 foot per second. The inversion current will be strong in A, weak in B, and 
almo.st absent from C. 

Other things bc-ing equal, then, it is clear that 0 is a much more perfect 
tank than B, ami B than A. To realize these conditions, however, a perfect 
whole current feed and whole current di.scharge (see Fig. 282), must be pro¬ 
vided. The longer the tank, the easier it is to get these. For this reason, lank 
C is clearly impossible and for the reason pnwiously gdven, tank A is certainly 
unwise. There will be between the two a tank that will, with the mo.st perfect, 
practical distribution of feed and gathering up of ovorllow, bo as .short and as 
wide as is practicable, and this is probably tank B. Tank B may be said to 
largely overcome the (listurbing quick rurretit of A on the one hand, and on 
the other, the dilKcuIty of perfect distribution of feed and gathering up of 
overflow of tank 0. 

g 34.5, llin.ATioN OF Length to Deftii. —The relation of length to depth 
may he understood by referring to Fig. 283, from which it will be clear that 
there are two e.vtreme paths a water particle may take, namely, from a to d 
dirc-ct, or uy the longer path, a, h, c, d. The two perforated plates largely over¬ 
come the tendency of the water to take the shorter path. If the tank is very 
short and deep, the h'ndency may be increased and it may be necessary to plug 
the alternate holes of the upper part of the perforated partitions e and g. 

The longer ihe tank with reference to the depth, the less is thi.s tendency to 
hasleri the .surface current. This is well .shown in Table 241), which gives the 
ratios of the shortest to the longest path for ditt'ercnl length.s of tank, the depth 
being taken as unity in each case. A decrease of depth not only diminishea 
the difference of the paths, but it may save mill height. 


TABLE 249.— RATIO OF PATHS FOR DIFFERENT LENGTHS. 


Depth. 

Lf'ngth. 1 

Ratio. 

abed 


Depth. 

Length- 

Ratio. 

ab 

ahed 

1 

2..^> 

0.565 


j ! 

10 0 

0.8S8 

1 

6.0 

o.rj4 


1 1 

15 U 

0.622 

1 

7.5 

0.789 






§ 346. Eelation op Width to’ Depth. —Considering next the relation of 
width to depth, we find that in two tanks with the same cross section, an ore 
particle reaehe.s the bottom sooner in the shallow tank. For example, if a 
tank 15 feet wide and 1 foot deep be compared with one 3.873 feet wide and 
3.873 feet deep which has a cross section of the same area, both tanks having 
the same velocity of current, the latter will take just 3.873 times as long to 
settle particles from its top layer to the bottom, and must, therefore, be just 
3.873 times as long as the shallow tank, to do the same work. This increase of 
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length increases the cubic contents of the deep tank to 3.873 times that of the 
shallow tank. 

§ 347. CALcnLATioN OF Dimensions. —From the facts already presented we 
see that it is possible to calculate the quantity of pulp a given size of tank will 
settle when the minimum size of grain to bo saved is known, or on the other 
hand, what is more of importance to the mill man, to calculate the dimensions 
of a tank nece,ssary to treat a given quantity of pulp. The various steps of 
the latter calculation arc shown in Table 250. The first column gives a range 
of sizes of quartz. The second gives the velocities of settling of the slowest 
grains taken from tlie curve (Fig. 287). Tin; tank is as.sunie(] io be 1 foot 
(.304.8 mm.) dec]) in all ca.scs. Tlie third column gives the time that the 
particles must be in the tank to settle the distance of 1 foot, by dividing 304.8 


TABLE 250.— DIMENSIONS OP TANKS 1 FOOT DEEP, FOR .SETTLING VARIOUS SIZES 
OF QUARTZ FROM 1 CUliiO FOOT OF PULP PER MINUTE. 


Diameter 
of Quartz 
Panicles. 

Velocity of 
Settling per 
Second. 

Time to Settle 
One Foot 
(304.8 mm.). 

For a Tank Fifteen Feet Long 
(4,572 mm.). 

For a Square Tank. 

Width for each 
Cubic Foot Fed 
per Second. 

Velocity of 
Current 
per Second. 

Length and Width 
for liuch Cubic Foot 
Fed per Second. 

Velocity of 
Current 
per Second. 

Mm. 

Mm. 

S*’cond8. 

■BSH 

Min. 

Min. 

Mm. 

1.5 

117 



1,T6B 

491 9 

189 

1.9 

100 

8.04H 

01.94 

1,500 

m 2 

175 

1.0 

85 

8.586 

72.87 

1,275 

577.2 

161 

0.9 

n 

3.958 

60.43 

1,155 

GOO 9 

153 

0.8 

68 

4.4H9 

91.07 

1,090 

Gl.'i.S 

144 

0.7 


5.080 

108.2 

900 

687 0 

135 

0.6 

51 

5.976 

191.4 

765 

744 9 

125 

0.5 

49 

7.857 

147.6 

CHO 

821.1 

ns 

0.4 

sa 

0.286 

137.7 

49.5 

926.3 

100 

o.s 

92 

IS.85 

281.5 

340 

1,131 

81.0 

0.9 

19 

95.40 

6i6.] 

180 

1.636 

CO 6 

Q.l 

4 

76.90 

1,548.4 

60 

9,661 

84.9 

0.075 

(0)8 

101.CO 

2,065 

45 

3,072 

80.9 

0.050 

(a) 2 

152.40 

8,097 

SO 

8,764 

24.7 


(lOl 

304.80 

6,194 

1,5 

5.329 

17.6 


(ct; Theuti were usttuiated. 


successively by the rates in the second column. The fourth column gives the 
width necessary for each cubic foot fed per second in a tank 1,5 feet (4,572 
mm.) long. It is obtained by multiplying 1 cubic foot (28,31(),847 ou. mm.), 
by the time and dividing the re,«ult by tlie product of the length by the depth. 
The fifth column gives the velocity of current in a tank f5 feet long, by divid¬ 
ing the length by the time. The sixth -column gives the length and width of a 
square tank receiving 1 cubic foot of pulp per second, and is olitaincd by multi¬ 
plying 1 cubic foot by the time, dividing by the depth and taking the square 
root of tlie result. The velocitie.s of the currents in these tanks are shown in 
the seventh column and are obtained by dividing the length by the time. It 
should be noted that for a tank 15 feet long, the width in the fourth column will 
increase directly as the number of cubic feet of feed, while for a square tank 
the dimensions in the sixth column increase directly as the square root of the 
number of cubic feet of feed. 

As it may be important to decide the length and width of a tank for settling 
fine material of other sizes than those given in Table 250, the following formula 
is given; 

Let V be the velocity in mm. per second that the grain settles; let D be the 
depth of tank in mm.; then —^seconds for the grain to settle to the bottom; 


L Lv 


let L be-.the length of tank in mm.; then velocity at current in 


tank 


V 











CLAS8IFISR8. 


465 


§ 348 

in mm. per second; let W be the width of tank in mm.; let V be the volume 
of feed water in liters per second; then WD IfLD=:volumc in cubic mm. 

of feed to tank per second; and —y=volume of feed water in liters 

per second. If we are jjiven all but one of these values, the remaining one 
may be obtained. Ordinarily the mill man knows V and v, or if ho docs not 
know V, he will know the diameter of the particle, to bo settled, from which he 
can get v by refereneo to Fig. 287. All he will then need to know is If and L. 
On the square tank basis, which the author favors, lf=Z( and the formula then 
gives the value of these two. If a rectangular tank 15 feet long be desirable, 
then the formula will give If by inserting in it the value A=4,572 mm. (15 
feet). Thins, if wo assume that 0.0125 mm. diameter quartz is as fine quartz 
a.s it will jiay to settle, and that this jiartiele settb's one foot in filO second.®, 
then we mu.st provide a tank which takes 010 seconds for the current to traverse. 
►Sucli a tank lor 1 euhic foot per second, ii 4,.572 mm. (15 feet) long, will be 
12,.3n5 mm. (11 fei't) wide, and being twice us wide as it is long, it should be 
divided into two nearly scpiare tank.®. 

The author is of the opinion that square tanka, with 1 foot minimum depth 
of surface water, are best in all cases, but when the tank would figure out larger 
than 15 feet on a .side, it i,s better to u.so two or more square tanks. For practical 
use. Table 351 has been computed from the formula to show the cubic feet of 
pulp that con bo fed per second to a tank 15 feet square for various sizes of 
quartz grains. 


TAHLK 351.— CAPACITIES OF A TANK 15 FEF.T SQUARE, 


Size (if Grain 
to be Settled. 

Ainnunt that Can 
be Fed per Sn'oiid. 

8iz<‘ of Grain 
to be Settled. 

Amount that ('on 
be Fed per Second. 

Mm. 

Cubic Feet,. 

Mtn. 


.5 

68.38 

0 4 

24.36 

1.8 

78.82 

0.8 

16.24 

1.0 

62.74 

0.2 

6.86 

0.9 

66 84 

0.1 

2.953 

0.6 

50.20 

0.076 

2.214 

0.7 

44.29 

0 050 

1.476 

0.8 

87.65 

0.025 

0.738 

0.5 

81.00 




§ 348, Practicau L™its of Settling,— If tests on the overflow of the 
tank show the grains going off to bo rich in precious metals (ar,scnide,s or chloride 
of silver, tclluridc of gold, etc.), the cure will bo to diminish the current by 
increasing the pumber of taidis in parallel. This principle is particularly worthy 
of con.sidcration in the case of tailing® of amalgamation. 

If 1 foot depth of water is the minimum allowed, then the tank may be made 
sufficiently deep to catch the settlings, and when it fills with sediment within 
1 foot of the top of the water, it is time to clean it out and start again. This 
increased depth during the earlier settling might seem to require a longer tank, 
but this is not so, for it corrects itself. The extra depth of 3, 3 or more feet 
will reduce the speed of the current to J, or loss, and therefore give the desired 
time, two, throe or more times as long, for settling the minimum partielo. This 
fact that the capacity of a tank for settling is indepen-’ent of the depth has been 
also shown in § 347, where the depth cancels out in the derivation of the formula 
and docs not appear in the nnai result. 

A tank of this description will fill up at the feed end witli the heaviest grains 
the bank will slope downward toward the tail end, where the finest settlings will 
be found. If then, 15 feet is long enough for a unit tank to fill up at the feed 
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TABLE 252. —SETTLING TANKS. 

AbbrOTtotloM.-Ain.ssmalgamatlnB; C.=concentrates of; can. t =canva« taWM; 

Con. sp.=8plgot8 run continuously; cr, pnr.scross paititlons: dr.=(lrsminKBOf: Ft.-fret, H. i. a.~aea^ 
nf lAwaar Horatr nt- Tu —Tilt. = In1V! Tilt. S'sstTate oDADed int^nnltteDtlv; Int. bd.— spiKotB ruD 


el 





» |§ 
S 6 

SZ 

Design. 

Length 

Width. 

Depth. 



Vt In. 

Ft. In. 

Ft. In. 


19 1 Rectangular.. 
22 1 Rectangular.. 

iK 1 (See Fig. A)... 


Ov. No. 1 w. c. b. c!.... 

Hoads of si. table.. 

Ov. No 1 set. tank .... 


22 1 Rectangular. 

24 I Rectanguiar(rt).... 
Ite 1 Rt'Ctangular (/>).... 

25 2 Rectangular (c).... 

26 d Rectangular. 

^ 1 Rcct, with 5 cr. par 

26 1 Rect. with 1 cr. par 
% 1 Rect. with Sor.p.ar 
^13 tanks in series, all 

rect. Last has 2 
cross datus and 1 
Inverted dam 

27 1 Rectangular. 

27 1 Iteciangular . 

2B 3Rectangular....... 

28 USceFig ax/).,. 

SO g RiiCtangular. 

80 0 Rectangtilar. 

8f) 0 Rectangular. 

80 1 Rectangular.. 

81 /i Kuctangul ir. 

81 1 Rectoiiguiar. 

84 10 Rectangular . 

84 1 Rectangular.... c. 

85 2 Rectangular. ..... 

85 2 Rectangular. 

8D 1 Rectangular. 

^ 1 Rectangular. 

85 1 Rectangular. 

88 (0 Rectangular (ti).. 


Ov. No. 2 set. t.& tr. t... * 
(ad) 

0. jigs and Rit. t.. 

T.j. & Rit. t , Ciuui. toO 
{ihi) 

Ov. Nos. 1 A 4 set. t... 

lOv. No 2 utiw. 

Ov. No. 3 .set tank. 

I liieads ot bhmeiahles 


Destination of 

-, --— HowDIB' 

SettliuKS. I Overflow, 'hargeu. 


Smelter ...iWaste.. 

Ship, c ir. No. 2 set. t 

Ship car ...... N(*. 3 set. t 

N(*. 2 roils.Waste. 

Vanner ...... Waste. 

|hh) Reservoir 
(m*) R»‘servnir. 

Dump .No 2 sot. t. 

l)unii'. {(idd) 

Dump.No. 4 set. t 

Dump. No 2 set. t 

Concentrates... Waste. 


2 10 0 
8 0 1 

8 0 4 

0 0 4 

12 0 3 

10 0 r> 

0 0 4 

1.5 0 3 

10 0 8 


40 14 IU>ctangular.. 

40 fc Rectangu’ar.. 

41 SItectangular.. 

42 8 Rectangular (i 
42 5 Rectangular (i 


mintbott.om8 


48 1 Rect. with 1 cr 

46 1 (See Fig D) (< 

4C 1 Rectangular., 

47 6 (See Fig. E.) (5 

48 0 Like Nu. 1 set. 

in Mill 46. 


72 « Rectangular. 

78 t ... 

70 1 Rectangular R<) 
80 1 Rectangular... 

80 1 R^tangular (itu) 
6211 ]^ctangular(v) 

28 Kect&ngular (t?) 

82 1 RectaDgular(ti)(v 
' 88 w EtoctangulaJ*. 


. 82 0 

la 

. 80 0 

21 

. 6 0 

6 

, 6 0 

6 

. 40 0 

10 

. 40 0 

I’J 

. 10 0 

6 

. 10 0 

4 

. 30 0 

9 

. 10 0 

4 

20 0 

20 

. 150 0 

la 

. 80 0 

41) 

-150 (m) 

lOO 

20 0 

20 

. 28 0 

4 

. 8 0 

8 

. 4 0 

3 

) 82 0 

3 

g 32 0 

3 

'. 17 6 

7 

. 13 0 

4 

. 180 0 

1 

1 14 8 

4 

k 18 0 

4 

. 180 0 

1 

. 4 0 

1 

r 5 0 

4 

. 4 0 

£ 

. 19 0 

~U 

80 0 

1 

85 0 

H 

, 6 0 

5 

. 6 0 

5 

u) 40 0 

8 

. 9 0 

4 

. 12 0 

9 


10 Ov. van. heads tank.. (Concentrates. iWaste... 

6 (ee) (Vuicentrates.. 'Waste.. 

6 (eee) Concentrates IWaste... 

0 iHeads of si. table. (iT ) Waste... 

0 iUv. No. 8 w. c b. cl... Stored . Waste. . 

0 (gg) Shipped.No 4 set 

0 (i)09) Shipped.No. 4 sot 

0 Ov. Nob. 2 and 3 set t Shipped.Waste .. 

0 CJ t & van ,lHmm.to0 Market.No.8Bet 

0 Ov. No. 1 set tanU.. ..M.arket....Waste.. 

.... C.j t&van ,15111111 toOMarket. . No. 2 Bel 

0 Ov No 1 set. Uuik.Maiket. Wast«.. 

0 C. jigs, to inm. to 0.... Murlcet. No. 4 set 

0 (Joncentratefiof van.... Market. No 4 R<‘t 

0 Coiici'iiU'atesof tables Market.No. 4 set 

0 Ov. Nos. 1, 2 & 3 set. t. Market.No. 5 set 

0 Ov. No. 4 settling tank. Market . Waste... 


0 (' jigs, tables and van., Stomge bin... (}») 

7.9 min to 0. 

0 Ov and dr No. 1 set. t. Storage bin.... No. 8 set. 

0 (;ionc‘trates7 mm. toO Smelter... No. 28et. 

0 Ov. Nu. 1 set tank..... (fcA) (kkfc) 

0 (Kkkk) SmelU'r.^Vaste,... 

0 AUc. 13 7 mm. to 0 ..Snielt»*r...No 2 set. 

0 Ov No. 1 set. tank.... Smelter.No,3set. 

.. Ov No.2sct tank..... Smelter.Waste.... 


. Ish. out. 

.. Sh. out. 

.. Sh. out. 
(///) 

. Sli out. 
t Sli. put. 
t. Sli. out. 

Sh. out. 
t sh out. 
ihh) 

t Sh. out. 

,. Sh.out. 
Sh. out. 
Sh. out. 
Sh. out. 
t Sh out. 
... Sh out. 
Int. g. 

t. Sh nut. 
t Int g 
Con sp. 
.. Sh out. 

, t lilt. g. 

, t. Sh. nut. 
... Sh. out. 


0 6 0 (nnn) Smelter.. Waste...... Sh. out. 

0 3 0 11. I. (1. of slime tables. Smelter.Waste.Sh. out. 

0 10 0 . 100 ) Smeller.No. 6 set. t. Int. g. 

0 4 0 C.jigB and tables. (ooo) No. 5 set. t Con. 

3 8 (p) Smelter.No. 6 sot. t (pp) 

3 2 8 Ov. No. Sset. tank.Sundter. No. 7 set. t. (pp) 

3.0 3 2 Ov. No. 6 set. tank.Snif-lter.Waste. (ppp) 

4 18 Heads of slime tables.. Kieve.No. 2 set. t. Sh. out. 

i 18^ Ov No. 1 set. tank.No. 1 unw.Waste. (qqq) 

■<013 Heads of slime tables.. (r) Waste. (it) 

4 1 8 Heads of Bhme tables.. Kieve.No. 2 set. t. Int. 

lU 1 23-6 Ov. No. 1 set. tank. (nr) Waste...'.. Daily. 

0 0 10 Ov. van heads tank.. Concentrates.. No. 2 set. t. 8h. out. 

0 4 0 Ov. No. 1 set. tank.Concentrates.. Waste...... 8h. out. 

6 2 0 {SB Rocking table. ? Sh. out. 


3 Heads of Blfme tables.. (r) 

8 Heads of Bhme tables.. Kieve. 


jllockiug table.l 


8 (ttt) (tt) ? Sh. out. 

10 0. can. t., 0.76 mm. to 0 Cyanide plant.. No. 2 set. t. Sh. out. 

0 Ov. No. 1 set tank.Cyanide plant.. Waste.Sh. out. 

8 T. van., 0.51 mm. to 0,. Am. pans...... No. 2 set. t. Sh. out. 

2 Ov. No. 1 set. tank .... Am. pans.No. 8 set. t. Sh. out, 

0 Ov. No. 2set. tank.Am. pans...... Set. pond., (vw) 

0 T. van., 0.43mm. too.. Am. pane. (uno) (uwui) 

Sty) T. van., 0.41 mm. to 0.. Am. pans...... (s) 


(o) Ractaogular with a 16x*^lnch spout falling in from above, (ao) Drainage of tailinga cars; overflow of 
•levator well; wmetimes overflow of No. 4 whole current box clossifler. (ooo) Stirred up and pumped out « 
•Itemote^ys. (b) Rectangular with cross partitions every 10 feet and a Rpigot in the last compartroent 
(66) 8aetter» esc^t the Imi ooinpartiiWDt which goes to No. 1 whole current box cUHufler. (666) Nln^ oooi* 
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par^enta are hoveled and one compartment has a continuous spigot, (fi) Rectangular with bottom doptng 
to the front and ul ug Hpig< >ts in front 6 Inches apart. <cc) In front, (ccc) waate—used for ballast and embairii'* 
pn the railrottd. (rf) Two; used alternately, (dd) Overflow rrf No. 1 unwaterer and talUngs of Noe. 1, S 
andS Jigs; 0.67 mm. to 0 . tddd) Pumped to water tank., (e) Flushed out every 84 houra. {ee) Over&>wof concen* 
tra^ boxes of jigs No. 3-11. (nee) Drainings of jig boxes for concentrates of No. tt -8 jigs. (/ ) Rectangular 
with four compartments connected by holes 18 inches wide and 2 Inches high, iff) Cloneeutniteg 
to drier. (.^) Cleaned out once a week. ff/)Two; one used at a time. ^( 7 ) First-class concentrates of jigs, 
riers and tables, 35 mm. to 0. (ggg) Secoiui-claas concentrate of jigs, vanners and tables, 25 mm. toO. (A) 
Three; one is filliJig, one is draining and one is being emptied. Each Is emptied every four days, (kh) Shoveled 
out monthly when mill shuts down. {/) There are four in serioHineacli section of the mill, (m) Kectanguiar with 
four hoppurs ami each hopper has two scroeus at the bottom - S’) mesh and 6 x 6 inches size; bottom of hopper 
Is 1x2^ inches; gate at bottom worked by bar nut and socket wivuch. (/*/) Overflow and drainings to No. 8 
se. ihug tanks, (j ) Then* are eight iu each section of the mill in two series of 4 each. (A:) Three; hi series. (*fc) 
No. 1 settling tank by elevator, (kkk) Clean water for the mill, [kkkk) Overflow of No. 8 whole current box 
classifier and of No. 8 settling tank. (I) Rectangular with hoppers at the bottom and with partitions; made of 
wood, (m) Rectangular cement tanks on the ground; no partitions; tracks laid iu them for cars to run on and 
haul away the settlings, (m) About, (n) Three; one used at a rime, (mi) Rectangular; It is fed by a V Jauntier 
with 13 holes i\-irich diameter in i he bottom and has an overflow at each enil going to waste, (nnn) Overflow 
of No. 1 unwaterer and No. 2 whole current box classifier, (o) Ten; there are two rows of five tankseach. ( 00 ) 
Hpigot of No.;{ unwatiM’er, 11.1 nun to 0. ( 000 ) Klevated to No. 3 unwaterer. loooo) Rectangular with cross 
partitions ^ Ea<*h partition lias a (>x 6 *inch hole at the bottom with a gabi to remove all the water when cleaned; 
also, a (IxO-iiKth gate in the oml tci drain off the water; spigot is a C inch pipe with gate. ( p) Spigot of No. 8 
unwaterer and overflow of No 3 and No. 4 settling tanks, 11.1 mm. to 0 . (p/>) Khoveleci ont. (late to drain off 
the waU'r. ( 7 >p/>) Sho\t*|f.i out every two months, when full, (g) Thi-se are 5 double tanks, one half of each 
being run at a time (gg^ Itectangular, with heivl and tail compartments and longitudinal partition. The 
er*>sH pirtitioi.-, nave plugs in tiieni This is a double tank, one-half l>eing run at a time. (« 7 « 7 < 7 ) Shoveled out 
evei-y 24 hours, ygggg) Double ri^etangular tanks with head and tail comimrtmeuLs 13 inches deep, made of 
2iiieh nlunUs. Onlv one half ol eaeh tank is run at a time, (r) Kieve and tye. (rr) Intennittcnt; one-half 
runs white the other liuif is being cUsiucd. (rrr) No. 1 distribuling tank. (#) One; used only at the tune of 
I'iejin up. lux) From a .set of {ujxiuar.v amalgamaf»d plates. {/) Tlu*se tanks, used at the time of clean np, are 
de.scribed in § 22 K undiT elean up barrels, iff) Rt'ctangular, with live partitions 3 inches thick, causing streams 
to meander haekw ard and t’orwanl (fff) First compartment gets concentrates from riffles, the second gets 
lliH overtlow ot the Ib-sL and hemls of canvas tabli-s The rest only settle. 0..56 mm. to 0. (u) First compart* 
m«*nt to eblonnat ion work.s, rest, t-o vauners. (ua) Reclangiilar, with a central partition forcing the current 
to go and come, (e) 'fliese tanks, togetiier with the other tanks m this iiuU, are in two sets of forty In series 
in each set They are so arraugi .1 that one may ho cut out while Mng cleanod. (mi) Rectanguiar, with a 
direct dam every 10 and an mverteil dam between. (mui) Flushed out by gat«, (t«) There are 69 tanks 
arranged in two banks- 33 in one itnd 86 m the oth<*r. Ranks are placed enil to end. Each bank has three 
rows of tanks Ciirrenl goes forward In first row, returns m second and goes forward again in the third. The 
feed lauudor runs over the central row and can be ttuipeii Into any tank in that row. The earlier tanks can be 
8 wit<*h>‘<l out ol cncuil while pulp is shoveled out. The later tanks are flushed out. (ww) Sniped to statups 
and vanners. ummn) Dart ai’e shoveled and part are flushed out. (*) These tanks are arranged in a bank 185 
fis't long, 28 feet wiile,--i,luvH row's each 9 feet wide. The current runs the length of tho first row', back the 
Ht»cond and forward again in the third. Stream is detlHcted from the tank while being dnmped. ixx) Rectan¬ 
gular with hopper bottonw below, (y) Pius the hopper, ivy) Pumped to stamps. (») Pumped tarouich a 
8 'foot. hole. ^ 
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end with sediment, to within 1 font of the surface, and a tank should bo made 
60 feet long, such r tank would have j>eTiods of action of different kinds. For 
example, during the lirst period, 1 to 15 feet are tilling with sediment and 16 
to GO feet are practically idle; durimr the second period, 1 to 15 feet are dis¬ 
tributing pulp, 15 to ;ib are filling and 00 to 60 are idle; during the third 
period, 1 to 30 arc distributing, 30 to 45 are filling and 45 to 60 are idle; during 
the fourth period, 1 to 45 are distributing and 45 to 60 are filling. After this 
the whole tank must bo cleaiual out. It will be observed that J of this tank is 
idle all the time r during the early part it is the tail end and during the later part, 
the feed end. 

It will he noticed that in all the foregoing theory and calculations, the velocily 
of quartz is taken for the computations. This wa; done for simplicity. AU 
the metal-holding minerals, unless in flat scales, will settle more rapidly than 
quartz of the same size. The theory as worked out, is based upon the best facta 
the author has at his command and apply only in cases where no precipitant is 
used in the water. It may be that particles much finer than those considered 
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will have to be settled; these must be experimented upon and then the same laws 
may be applied for computing the tanks to do the work. 

A good rule in regard to the limit of settling is to increase settling capacity 
as long as the added catch pays the expense of getting it. The author on one 
occasion settled slimes from a steam stamp, crushing Lake Superior copper rock, 
which failed to reach the bottom of an oil barrel in 24 hours, but settled in a 
week. The slime so caught was as fine as clay and assayed 0.2% cojiper. No 
possible use could have been made of it unless it had been rich enough to smelt 
or leach at once, which it was not. 

The slowest grains given in Fig. 287, w'cre the grains when 90%, as estimated 
by the eye, had passed. The few straggling residual grains take an indefinitely 
longer time to conic down. 

§ 349. Data iiioM this Mills. —A study of Table 2.')2 shows that most of 
the tanks in use arc rectangular in shape, and they are generally narrower in 
proportion to their length than the discussion suggests would give the best set¬ 
tling. A few have bottom cross partitions extending up part way. These serve 
to prevent a sweeping bottom current, but do so at the expense of a quickened 
top current, losing settling power thereby. A few liave partitions causing a 
meandering current backward and forivard, or up and down. These partitions 
simply hurry the current and hinder it from doing its best settling. The best 
settling is done by diminishing speed, not by lengthening the course. Two 
tanks in parallel do much better work than two in series. Many of the tanks 
lose eflieieiiey due to rapid local currents caused by feeding and overflowing over 
only part of the width. The baflle plate or deflector, for breaking up a sur¬ 
face current, docs not occur in any of the settling tanks. The concentrates 
bank will have coarsest, heavie.«t, deepest and richest deposit at the feed end of 
the tank, sloping off and becoming poorer and finer toward the overflow end. 

Unless otherwise stated in the design, the tanks are shoveled out periodically 
and it will be seen that most of them are so cleaned. Some tanks have gates with 
or without hopper bottoms to drop or flush out the product. In a few instances 
a continuous spigot is used. Mill 38 has a 20-mesh screen in the bottom for 
draining off the water preparatory to dumping the concentrates. A few grains 
may pass through this, but a natural filter almost immediately forms and pre¬ 
vents more concentrates from coming. The drainage water issues continuously 
and goes to a later settling tank. 

The settling tanks of the combination mills 82, 83 and 84 are arranged in 
series with short, narrow, connecting launders, sq arranged that any one may 
be cut out and shoveled or flushed out through the bottom. They are in a 
measure disirilmtors, since the settlings are to be charged to the amalgamating 
pans, with the shortest distance to shovel. 

Mill 42 deserves a special note on account of the magnitude of the operation. 
Here all the coarser concentrates are caught in hopper tanks which discharge 
directly by gates below into cars, while the fine overflows run to very large, 
. shallow tanks, 40 feet wide and 80 feet long, which, when full, arc discharged 
by opening a side and running a car in on tracks on the bottom of the tank for 
ease of shoveling. A small amount of quicklime is shoveled in, chiefly to dry 
the mud, and incidentally to precipitate the copper from sulphate, and flux the 
ore. This mill is noteworthy becau.se the final overflows of all its box classifiers 
are concentrates and are sent to be settled in the above tanks. The order of 
depositing and of idleness probably exists in this tank, as indicated in § 348, 
although the tame is not computed on the fifteen-foot basis, but it is considered 
better economy to let a- portion of the tank be idle in order to gain the advan¬ 
tages of the long, inexpensive period of catching, followed by the large scale 
nlean up. 
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The use of burnt lime is also practiced in the cyanide plants of South Africa, 
hut it is added, not to the settled mud as in Mill 42, but to the water earrying 
fine slimes in suspension, and it throws them down in such a flocculent, porous 
condition as to permit of easy leaching. The Bonanza Company’'* uses about 
pounds of lime for every ton of solid slime contained in the pulp, and has 
thereby reduced the time required for settling from 12 hours to 2J hours, and 
its pumping charges from £185 to £25 per month. In kaolin washing alum is 
frequently used to settle the very fine stuff from the water. 

Albert Williams, Jr.,-'"’ advocates hopper bottomed tanks for settling stamp 
pulp for pan amalgamation and the setting the pans low enough to sluice the 
pulp direct to the pan; 24% of the labor in a silver mill is for tank men, usually 
shoveling 30 inches deep. The added cost of construction need not he over 
$],0()() for a 20 stamp mill, a sum which could be saved on wages in three 
months’ run. 

§ 350. Baffle Board Settling Tank. —This form of apparatus is reported 
by Courtenay I)e Kalb (private communication) as being in u.so at Cocheno; 
Me.’iico, tor settling fine slimes. As shown in Figs. 285a and 2856, it consists 
of a rectangular tank with hoppers I’P in the bottom and with 60° baffle 



FIG. 285a.— LONIilTlIMNAI. SUCTION OF BAFFLE FIG. 2856.— SECTION ON 
BOaUD SETTLINO TANK. XY. 


board.s BE sot 3} inches apart horizontally. The height of the overflow is 
adjustable and is such that there is just room enough for the current to flow 
over the tops of the baffle boards without rippling. The box A serves as a dead 
box. The principle of the apparatus is that between any two adjacent baffle 
boards currents are set up as indicated by the arrows. The downward current 
causes tile slimes to slide down on th(! upper side of the baffle boards, but the 
upward current is not sufficient to lift them again. The settled slimes are 
discharged intermitlently through J-inch rubber goose neck.«, 7?, adjusted to 
give slow flow and hung up above the level of the water, as shown, when not 
discharging. There are three of these in use at Cocheno. The feed contains 
on an average 4.67% solid material, the overflow averages 0.64% solid and the 
settlings 21.91% solid material. The settlings are drawn off at intervals of 
every four hours, the time of drawing la.sting about an hour, and the feed not 
being interrupted. The surface velocity of the current in the tank is feet 
per second. Formerly instead of these three tanks, settling boxes and five set¬ 
tling ponds, each about an acre in extent, were used. The circulation was 
always through two of these ponds and sometimes through three. Treating the 
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same material as above (4.67% solid) these ponds gave an overflow which 
averaged 0.7% solid material, and the settlings pumped out carried <J0% solid. 

The design given in Figs. <J85a and 2S5b is not adajiled to slimes carrying 
more than 60% granular matter, of which the maximum grains must not be 
more than 0.08 mm. diameter. The effectivcne.ss of the apparatus ajipears to 
be due to the fact that grains have oidy to settle J inch in a length of 80 feci 
before they are caught in the slow moving water between the bailie boards. 

The Gei'eu Slime Conoentiiatok consists of intermittent settling tanks. 
It uses four tanks, each with a 3 m. diameter and 1 m. high cylinder, with 60° 
cone bottom, with no overflow, but with a constantly flowing small spigot at 
the ajiex. d'hc ]>ul]) stream tills the first tank and is then shifted automatically 
to the second, and so on, till the last is reached, no overflow having been made. 
When it i.s almost time to return to the first, a gate in the first tank, which is 
placed at the junction of the cylinder and the cone, is opened aufonialically and 
the clear water above this level flows out. This gate is closed auiomatically 
when it is time for the pul]) to be fed to the first tank again. With l.ddO liters 
pulp fed per minute, each tank has twenty minutes in which to settle before 
the top clarified water is drawn off. 


IX. Claeifyino Eeservoirs. 

§ 351. Those arc reservoirs for s<ittling out the sediment from water which 
has once been used, preparatory to using it again, 'i’he principles discussed 
under settling tanks a{)ply here, except that the particles to be settled are in 
this ease much smaller than in the former, and the sediment is generally of no 
value. 

In Mill 25 all the water which has done its work of eoncentration flows by 
(a) a canal 600 feet long, 6 feet wide and 6 feet deej), to (h) a tank 30 feet 
long, 15 feet wdde and 6 feet deep, thence to (c) a tank 45_feet bug, 30 feet 
wide and 6 feet deep, which is divided up by cross partitions into nine compart¬ 
ments, thence to (d) a tank 200 feet long, 30 feet wide and 6 feet deep. The 
canal and tanks are all built of stone and lined with cement and have a smooth 
cement floor, (a) is flushed out for removing sediment twice a week. (5) 
and (c) are flushed out once in two months, (d) is hydrauiicked out with a 
hose once in nine months. The sediment contains about 6% of lead and is not 
worth saving. 

Mill 26 sends all the drainage watdr from the mill, including the flushing 
from the settling tanks for tailings, to a reservoir with 40,000 square feet of 
surface area at the foot of the hill, about GOO feet away, the sides of which are 
built of coarse tailings, made water-tight by the finest slimes. 'J'hc silt is there 
settled and the clear water drawn off into a lank 36 feet wide, 20 feet long and 
7 feet deep, and from there is pumped by a Miller Duplex pump, at the rate of 
100 to 125 gallons per minute, to No. 1 receiving tank, which it reaches almost 
clear of sediment. So perfect is the water system in this mill, that no portion 
of the water goes off except that due to evaporation. In order to maintain the 
banks of the reservoir above the slime deposit, the tailings of the vanners and 
fine jigs are settled in unwatering boxes which yield overflow to settling tanks 
and spigot products whieh are conducted down the hill in launders and are dis¬ 
tributed along the bank all around the reservoir, by a V l3undcr._ This launder 
has small, triangular openings with area of 1 square inch placed 4 feet apart 
along the bott'm of the launder which i nables the reservoir man to direct the 
sand deposits to any desiicd point along the bank of the resefvoir. 

Mills 83 and 84 also Imvc settling ponds for recovering the last of the water. 
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At Tarnowitz a space enclosed by a dike of coarse tailings, made tight on the 
inside by fine tailings, has been used for impounding mill tailings. 

At the washing plant of the Longdale Iron Co., Virginia, ponds several acres 
in extent and 20 or 30 feet deep are formed by making embankments of slag 
from the blast furnaces and lining the inside slope with clay. The slimy water 
from which the sand has previously been removed by an unwatcring apparatus, 
called the Johnson mechanical sand shoveler (sec § (131'), runs into these ponds 
and filters through the embankment perfectly clear. In this particular in¬ 
stance the water is not used again, the clarifying being done merely to prevent 
deposition in the streams. 

§ 352. Quality of Wokk of Classifiers. —To test the efficiency of classifiers 
in the mills, the author obtained complete sets of samples from Mills 22, 28, 30 
and 38. These samples were all sized upon a nest of sieves, and the results 
arc given in the columns headed “Per cent.” in Tables 253 to 25G. The other 
columns will be explained later under Testing, in Chapter XXI. The results 
are also plotted graphically in Figs. .G.'Ui, .GiiS, 510 am! 5^12. 

Sorted products of a classifier might be tested either in a perfect sorting 
instrument which would determine how nearly the classifier had approached to 
perfect sorting, or by sizing sieves and microscope which would show the actual 
sizes obtained and the approximate proportions of minerals present. On the 
samples here considered sieves were used down to the limit of sifting, and 
sorting in a beaker for finer sizes. 

An inspection of the sizing tests and of the diagrams shows how each classi¬ 
fier product stretches nut over a considerable range of sizes, that is, the classi¬ 
fiers in the mills are all doing more or less imperfect work. Ijooking over the 
graphical plots of Figs. 53,5 to 512, one sees a series of products less and less 
perfectly bounded from the coarsest sieve down to the last spigot of the box 
classifier. The limits of the trommel sizes are fairly sharply defined, those of 
the first spigot product of the hydraulic classifier are less so and the decrease 
goes on through the later spigots of the hydraulic classifiers and the spigots of 
the box classifiers. 

Regarding the respective merits of the hydraulic classifiers the work of the 
Meinceke classifier of Mill 28 excels all the others in keeping fine material out 
of the spigot. It is logical that it should do the best work when one considers 
that its action (sec 325) is to successively eliminate the lighter grains. 

Tables 253 to 256 also show that the amount larger than 0.2'i'O mm. in the 
overflow of the hydraulic classifiers is 3.5% in Mill 22, less than 1.0% in Mill 
28, about 5 or 10% in Mill 30 and 0.5% in Mill 38. This indicates that the 
lower limit of work of hydraulic cla.ssifiers is about | mm. inch) and the 
practice is to send stuff finer than this to box classifiers. 
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TABLE 253. —SIZING TESTS OF SORTED PHODDCTS IN MILL 22.* 


Mo. 1 Hjdraulic Classifier. 


No. 1 Surface Current Box 
Claaslflor. 



Through 6. 
Through 3. 
Through 2. 
Through 1. 
Through 1. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 
Through 0. 


.61 on 8.04 1 
.94 on 2.69 t 
. 69 on 1.89 r 
.89 on 1.49 r 
.49 on 0.046 r 
.OJr> on 0.667 r 
,067 on 0.493 r 
.493 onO.S71r 
.371 on 0.270 i: 
270 011 0.158 r 
irjH on 0.119 r 
noon 0.073 r 
073 on 0.069 r 
.009 on 0.0471 
017 on 0.0^ r 
.034 on 0.025 c 
,025 on 0.019 r 
019 on 0.012 c 
,012 mm. 


0.2 0.2 . 

20.8 21.0 2.4 

26.8 47.8 7.2 

13.5 61.3 6.1 

14.6 75.9 18.1 
7.8 8:j.7 14.2 

6.1 88.8 17.0 
1.4 90.2 2.9 
2.7 92.9 12.4 

3.2 ‘HJ.l 15.8 

0,9 97.0 3.3 

1.2 98.2 8 8 
0.2 98.4 0.5 


1.0 l.O 
2.9 8.9 
2.5 0.4 

7.1 18..5 

8.2 21.7 
10.8 82.0 

1.8 83.8 
10.3 44.1 
17.9 62.0 
8 2 70.2 
14.7 »1.9 
2.4 87.3 


9.7 13.2 

5.7 18.9 
13.8 32.7 

1.6 W.3 

6.3 40.6 

16.1 55.7 

12.2 67.9 

7.7 7.5.6 

5.4 ei.o 

18 6. 


4.8 8.1 . 

22.0 30 1 0.4 

13.2 43.3 1 3 
22 5 G5.8 10.9 

4.2 70.0 2.7 
13-0 88.0 13.6 
7.7 90.7 28.2 

8.6 W.2 25 9 

1.3 ft).6 0.7 
0.6 96.1 3.3 

2.6 . 11.6 . 


Total. 


9.7 ...... 99.4 .(99.0.99.61. 98 7 . 99 6 . 99.7 . 


• The significunco of the columns headed “ Cumulative percent.” is expiaine<l m § b63-8 mWt. 

(n) Round holo wero us<>d down to and Including 0.403 mm.; then holn>< down t(v and 

incMuding 0 069 mm. liidow 0.069 min. settling in water wa<< nsiul, and tlu’ sizes giviui are merely 
<liiim(‘ters of j:|inrt7. which st'ttle <10 mm. m 15, .80, RO, 120 and 3(X) seconds. All of the .setilod 
products contained grains of miaorul heavier than quartz, and those gruius were smaller than the 
quartz gruitis, 

TABLE 2M. —SIZING TESTS ON SORTED PRODDCTS IN MILL S8*. 



* The sigiddcauce of the I'olumns headed ” Cumulative percent.” 1b explained In 1 868-S 806. 

(a) No. 1 wholM current Ikvx chwsifl-T. (h) Itonm; hole sieves were used down to and including C.4fl5 
mm.: then aquHre bolcfi down to an<i including 0.069 mm. Below 0.069 mm. .settling fii water was used* 
and the sivea given are merely dianieterK of qnaite which .settle 90 mm. in 15, 30, 60,120 and sOO socoB^, 
AH of the •vdtled products coninined grains of raiuoral heavier than quartz, and those grain'!i wore 
thau the qaartr graiue. 
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TABLE 255. —SIZING TESTS ON SORTED PRODUCTS IN MILL 30.* 





Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 

Through 


6.61 on 8. 
3.04 on 2. 
8.C9 onl. 
1.80 onl. 
1.49 on 0. 
0.945 onO. 
0.667 on 0. 
0.493 on 0. 
0.371 onO. 
0.270 on 0 
0.158 ou 0. 
0.119 on 0 
0.073 on 0. 
0.0(>9 on 0. 
0.047 on 0. 
O.OM on 0 
n.025on0. 
0.019 on 0. 
0.012 znm. 


.94 

!.69 mui. 

.89 niui. 

.49 mm. 

1.945 mm. 

.067 mm. 

1.403 mm (a).. 

1.871 mm. 

1.270 mm. 

158 ram. 

1.119 mm. 

' 073 lum. 

.060 mm <a).. 

1.047 mm. 

1.034 .. 

' 025 min.. 

t.019 mm. 

>.012 mm. 


0.1 . 

1.8 0.5 0.5 . 

15.4 6.7 7.3 0.2 

32.8 10.5 17.7 0.8 

62.0 24.4 42.1 3.8 

78.3 21.4 63.5 10.8 

88.4 17.6 81.0 23.0 

90.5 2.7 83.7 5.6 

94.3 7.0 00.7 16.2 
9S.0 6.5 07.2 25.8 
98.7 1.2 98.4 6.2 
D9.H 0.8 99.2 5.1 

09.4 0.1 1)0.3 0 6 


0.4. 0.31. 1.7.. 


. 0.8 0.3 . 

1.1 1.4 . 

2.5 3.9 . 

2.7 6 6 0 4 (6) 

7.3 13.9 0.2 0.2 

20.3 40.2 1.3 1.6 

13.0 63.2 1.9 8.4 

19.8 72.5 10.8 13.7 

4.0 76.5 2.5 16.2 

9.8 86.3 17.7 83.9 

6.2 92.5 27.1 61.0 

2.4 94.9 17.1 78.1 
1.1 96.0 6.5 84.6 
0.6 96.6 8.1 87.7 

. 2.4.11.2. 


1.3.90.5.99.0 . 99.3 . 


• The aignihcanca uC the cohirane headed ** Cumulative peroeuL." is explained in g 863-$ 860. 

(a) Hound hole RinvoR won* U'<ed down to and including 0.193 mm.; then fltjuaro holes down to mid in¬ 
cluding o.()69 mm, Helow 0.0<»9 mm. H'Uling In water w.ik and the .sizes giv<>u an* merely diameti'rs 
of Qiinrtz whtch^settle 90 mm. in 15»30, tX), 120 and 300 Rec<mds. All «>f t lie proOnots contaiui'd grains 

of mineral heavier than (juarU, and those grains were .smaller than tho (piartz groins. (f>) This w’u» all 
foreign material, such us chips, etc. 

TABLE 25fi. —SIZING TESTS OP SORTED PRODUCTS IN MILL 38.* 



No. 1 Unwa- 
tering Box. 


No. 1 Hydraulic Classifier. 


No. 1 Whole Cur¬ 
rent Box Classifier 


Overflow. |l8tSpigot.[ 2dSpigot. |3tlSpigotj4th Spigot |Overllow|¥pigot. |Overflow 


Number in Fig. 542. 



































































































CHAPTER Xll. 

LAWS OF CLASSIFYING BY FliEE SETTLING IN WATER. 

§ 353. Free Setti.inq and Hindered Settling Defined. —In order to intel¬ 
ligently design hydraulic classifiers, bo.\' classifiers, settling tanks and jigs, the 
laws governing the rale of settling of particles in water must be understood. 

There are two conditions of settling of grains that are recognized as distinct 
from each other and whose laws njust be studied independently. They are called 
falling under free settling conditions and falling under hindered settling condi¬ 
tions. 

Free settling occurs where individual particles fall freely, either in still water or 
against an opposing upward current, without being hindered by other particles. 
The classifiers and settling tanks are instances of this principle. 

Hindered settling is where particles of ini.xed sizes, shapes and gravities in a 
crowded mass, yet free to move among themselves, are sorted in a rising current 
of water, the velocity of which is much less than the free falling velocity of the 
particles, but yet enough so that the particle.s are in motion. The arrangement 
of the particles is so positive that if one of them be moved cither upward or 
downward from its chosen companions, it will be found, when set free, to return 
immediately to practically the same group as before. The jig beds arc instances 
of this principle. The consideration of hindered settling will be reserved for 
the chapter on jigs, and only free settling will be here taken up. 

§354. Free Settling, General Principles. —The conditions affecting free 
settling will be first considered. The rate of falling of particles under free set¬ 
tling conditions depends, other things being equal in each case, upon: 

(1) Specific gravity. —Of two particles having different specific gravities, 
that liaving the higher will fall faster than that having the lower. 

(2) Size. —Of two particles the larger will settle faster in the water than the 
smaller. 

The specific gravity and size have a further effect upon the rate of acceleration 
of the particles during the time they are acquiring their full velocity, that is, 
before they reach the point where the friction of the water plus the force of the 
rising current, if there be any, balances the force of gravity. This effect is, that 
of two particles which arc equal settling, the smaller particle with higher specific 
gravity reaches its full velocity quicker than the larger particle with lower specific 
gravity, or in other w'ords, it has greater acceleration. 

(3) Shape. —Of particles w'hich just pass through the same screen, the 
roundish grain settles faster than the long, narrow grain, and the latter settles 
faster than the flat grain. 

(4) Air hubbies. —Of two particles, one of which retains adhering air bubbles,, 
while the other does not, the latter will settle most rapidly. Water is sometimes 
so charged with air that bubbles form upon immersed grains and tend to float 
them. 

(5) Magnetism. —Of two groups of particles, one of which is strongly mag¬ 
netic, while the other is not, the former may form a clot, owing to the mutual 
attraction of the particles, and fall much more rapidly than the latter in .which 

pajrticles fall individually. 
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(6) Density of Liquids .—In two liquids of different density, the rate of 
settling ol a particle is more rapid in the lighter liquid. This idea may be 
carried so far as to have a liquid of a density greater than the specific gravity 
of the ore particles, attd the particles will then float on its surface. Again, there 
may Ite j)articles of two dilferent specific gravities and the density of the liquid 
lies between them, in which case the particles of low spectic gravity will float, 
while those of high will sink, and a separation will be effected thereby, accord¬ 
ing to the principle of intermediate density. 

(7) Viscu.sily .—in two liquids of different fluidity, the rate of settling of a 
particle is more rapid in the more fluid liquid. 

g y.'ib. Soin iNO 'I'uiiE iNVESTJtiA'iuoN.—Thc author has investigated this ques¬ 
tion of the rale of setlliiig under free settling conditions. The purest available 
samples of a number of mineials were obtained and their specific gravities care¬ 
fully determined. The re.^ulls arc shown in Table 257. They are averages of 
three or four clo.'-cly agreeing tests. 


TAHI.H 257.—senciFic oit.wiTiEs of minehai.s used for tests. 


Miim‘ia1 

S]M‘fUic (Jruvity. 

Minfml 

: Specific Gravity. 




1 5 0S7 




0.201 



.\rjtinioiiy (artiftoi.'d). 

C.TOG 


4 040 


0 ya7 




7.580 


4.0S7 


8.479 


r. a:i4 




A series of sieves arranged in a nest was prepared and thc diameters of the 
holes \ieiv carefully determined, as shown in Table 258. Each mineral was then 


TAM,I? 258.—rOMl-UTATlON OF OK-UN SIZES. 





Not 
Linear 
Sizi* «»f 
Hole. 

Mt'shes 


1 

i Nt‘t 
Linear 



Average 

Ratio of 

Mi-sh 

1 

Diaincter 

of 

)H*r 

Linear 

l>iaineter 

Average Net 

of Size 
and of 

Linear 
Size of 


Inch j 
out* way. 

Wire. 

Im h the 
ot.lier 

Wire. 

Hole. 

of Hole. 

one 

atMfVH It 

Hole to 
one 




way. 






Below It. 




Inches. 


Inches. 

liK'lies. 

Inches. 

Mtti. 

Mm. 


8 

4 

8.7.^> 1 

0 (trflw 

0 11(71 

0.3830 

0 3100 

8 

0 0508 
0.0447 

0.2H.M0 
0.1077 ' 


7 188 


1.86 

0.30K7 

6.801 

6 341 

1.85 

6 


0 UI04 

0 !.'.(«) 

5 

0.0104 

0.1696 1 

0 1548 

983 

4.616 
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htcidered ^ettliuK aud tlie piilsiou jig (‘7}ieriinonts. The new sieve was used ou the later jigging experiments. 


sized by the series of sieves, yielding a series of products ranging from the coars¬ 
est to the finest. T’he average diameter of the grains contained in any one 
product, for example those particles which passed through 30-mesh sieve and 
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reBted on 40-mesh, was assumed to be the average of the diameters of the two 
sieve holes. Some writers have used factors obtained by experiment for obtain¬ 
ing those values, but the author thinks that this simple basis for computation, 
which can be at any time reproduced, is preferable to one wliich involves the use 
of a coefficient which may or may not be correct. 


TABLE 359.—SORTING TUBE RESULTS—^FASTEST GRAINS. 
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(a) Measured upon 305 mm. fall, instead of 243B mm. [From a to Fig. 266.] 
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(a) This value and aU below it in the same column was measured on 805 mm. fall instead of 2486 mm 
[From a to b, Fig. 286.] 


A sorting tube, about 60.8 mm. diameter, was prepared, having the spacei 
marked "upon it as indicated in Fig. 28G. The velocities of settling under ^rei 
settling conditions were then obtained by allowing a number of grains, perhap 
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fifty, from each of the products obtained by the sizing, to fall 
the distance from a to c in the sorting tube, and noting the period 
required for the passage of the fastest grain, and also the time re¬ 
quired for approximately 90% of the grains to pass. This pro¬ 
portion of 90% was preferred to the observation of the slowest 
grain, because the slowest often lags an indefinite distance behind. 
The results of these tests are given for fastest grains in Table 
25i), and for slowest, that is, for 90%, in Table 260. Each result 
in th(> table is an average obtained from several tests, in some 
instances as many as 20. 'I’lie distance of 152 mm. at the top, 
was allowed for the grains to reach full speed, and the short dis¬ 
tance, a//, of 305 mm. was used with the smallest sizes of grains. 
In all c.ises the grains were thoroughly wetted and in some cases 
wore boiled in water before being dropped, in order to guarantee 
their freedom from air bubbles. 

§ 35C. Discussion of Sorting Tube Results. —Some re¬ 
marks arc called for by apparent inconsistencies in Table 269, 
of fastest grains. In' nearly every instance, cassiterite fell 
faster than antimony, although its specific gravity is lower. 
The h )W sjieciiic gravity given is explained by the presence of a little quartz 
in incliKh'd grains with tlic cassilrrite, while the free grains probably have 
a higher sjiecilic gravity than antimony, and fall ahead of that metal, as 
they should. The inconsistency between chalcocite and magnetite is due to the 
shape of the particles; magnetite has rounded or cubical grains; chalcocite is 
very flat and scaly. Copper does not lead galena nearly as much as one would 
expcK't. This is due to the shape of the particles. 'J’he copper was Calumet and 
Heela stamp-copper, as free as possible from rock, the pieces Ix'ing all more or 
less tlattcned, and the finer particles to some extent arborescent and leaf-like, 
while the galena was taken from large cubes of pure Wisconsin mineral. The 
W'ork upon magnetite broke down at the 60-mcsh sieve, sizes below attracting 
each other so much that the large flakes resulting made a test impossible. 

The velocities of the slowest grains, given in Table 260, are perhaps of less 
value than those of the fastest particles, since there is a certain personal equa¬ 
tion in estimating the 90%, which may vary. But for other reasons, these values 
are of very great interest, and play an important part in the whole ore-dressing 
discussion. Toward the lower ends of these columns frequent inconsistencies will 
be noted. They are, however, not very serious, and arc accounted for, partly as 
in the case of the fastest grains, and partly by the difficulty in judging the 90%. 

The results given in Tables 259 and 260 Have been plotted with the ordinates 
representing diameters of grains in millimeters, and abscissse representing veloci¬ 
ties of fall in millimetois per second, a; id from the plottiid points smooth curves 
have been drawn which show directly the velocity of either the fastest or the 
slowest grains of any diameter for the thirteen different minerals. The curves for 
six of the thirlcoa minerals are shown in Fig. 28?. These were chosen as represen¬ 
tative as it would obscure the plot to put the curves of all thirteen minerals in 
one figure. These curves are further designed to be used for all calculations 
and estimates where the velocity of fall has to be known. To make the work 
complete, curves would have to be drawn for each individual mineral with 
which the ore dresser has to deal, but the author belivVes that from the curves 
of the six minerals sufficiently accurate fibres for velocities of other minerals 
may be found by interpolation, if the specific gravity and peculiarities of cleav¬ 
age of the other minerals are known. It will be noticed that one cannot obtain 
average figures directly from these curves, but that one gets for a given size of 
grain, a range of velocities with which it may fall or, on the other hand, for a 
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given velocity of fall, the range of diameters of particles that may have that 
velocity. The curve of the average grains would lie somewhere betwe(!n the 
curves of the fastest and slowest grains, but not necessarily midway. The im¬ 
pression that the author received by the eye, from watching the e.xperlments, was 
that the curve of average grains would lie about one-third the distance from the 
fastest to the slowest grains. 

This relation of various minerals may be expressed a])proximately by means 
of free settling ratios, that is, the ratios of the diameters of the grains of dif¬ 
ferent minerals which are eiiual settling. To illustrate this, the columns headed 
“Diameter” in Table Sllil have been taken from tbe curves of fastest grains and 
show the diameters of grains which corres[)ond to various velocities. From these 
diameters the fiee settling ratios referred to (juartz have been computed by divid¬ 
ing the diameter of the (juartz successively by each of 1b(‘ duinu'ters of the other 
minerals in the same vertical column. 'I'he things to be noticed in this table 
are: (1) that the ratios increase as the specific gravity of the mineral increases, 
(2) that the ratio increases with each mineral as the size of grains increases, (.3) 
that the ratios for the lighter minerals are larger than, and those for the heavier 
minerals are snialler than the ratios given in the last column, which are calcu¬ 
lated by substituting the ])roper values for specific gravity and diameters in 
Kittingcr's formula as given in § .‘l.'iS. 


TABLE 2(>1.— niAWETEKS ('ORUESI'ONDIMG TO VABTOUS VRt.OCtTIER OF FALL OP 
FA.STEST (iUAJN'S AND UATIOS FOR OBTAINING THE DIAMETER OF (^U-VKTZ 
Winoil Win BE EQUAL SETTLING WITH THU MINKRVL Sl'EClKIEl). 
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i; 357. Tubular Dlassifier Investigation.—A s a cheek ujHm the work just 
given and as a means of preparing a perfect set of sorted products for the investi¬ 
gation of sizing upon a surface, the following apparatus was designed and tests 
made: 

The tubular classifier (see Fig. 288), was fed with hydraulic water at c at a 
constant rate, admitted by a dial-cock, at constant pressure, guaranteed by an 
overflow column-pipe to give constant head. This passes up and overflows at i, 
at any desired speed. If k be the average area in square millimeters of the tube 
cd, then the milligrams or cubic millimeters I of water delivered per minute at i, 
divided by h, will give the upward velocity m of the water in millimeters per 
minute. 
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The same result may be obtained in inches per minute by weighing the water 
in pounds as follows: The pounds of water at p, delivered per minute at 

i, multiplied by 37.712, gives eiibic inches, and this product divided by the area 
r in square inches gives the ascending velocity s in inches per minute. 

27.712 
r ~ 


The sorted products, for example of quartz and galena, were obtained by foed- 



Fia. 288.—TUBULAR 
CLASSIFIER. 


ing at a, in very small quantities at a tijiie, iniNed 
grains of these minerals, which had j)assed through 
a limiting sieve of 10 meshes to the linear inch with 
2.108-nnn. hob's, and thercl'ore contained grains of both 
minerals ranging from tliat size down to dust. The 
(|uantity of sand fed was so small that the volume of 
sand in tiu' tube at any given time wa.s far less than 
]V that of the water. 'I’hc grains became subject to the 
action of the cum'iit at h. If they were liglit I'liough 
to ri.se in the current flowing at any given time they 
were discharged at i. If heavy enough to fall, they 
passed down to the bulb g. The rising ])oition c of 
the tube is .‘105 mm. long, to give a heavy grain that 
distance to re])ent and return. The falling portion d 
of the tube is also 305 mm. long, to give a light grain 
the same opportunity. A rotary motion is given to 
the water in d. to prevent a downward <urrent on one 
side and an excess of upward current on the other. If 
the mixed quai'tz and galena is f('d slowly, so that “free 
settling'’ conditions prevail, while the water is rising 
—for example, 40 raillimc'tcrs per second—it yields 
two products: the overflow grains which rise in a 
40-mm. current; the bulb-grains which fall in the same 
current, if, now, the above bulb-grain.s are fed to the 
tube when the water is rising 50 mm. per second, it 
again yields two products: overflow grains which rise 
in a SO-mni. current; and bulb-grains which fall in the 
same current. This second overflow is defined as con¬ 
sisting of grains of quartz and galena which, under 
free-settling conditions, fall in a 40-mm. current and 
rise in a 50-mm. current, and is called a sand sort or 
a slime sort, according to the size of grains it con- 


To oljtaio a complete set of protlucls, as perfectly defined as the above, the 
water current was rated at frequent intervals all the way from 0.049G inches 
(1.261 mm.) per second to 7.8259 inches, (198.777 mm.) per second. And to 
obtain further information, the length and width of each of ten grains of quartz 
and also of galena were measured by microscope-micrometer for each product. 
The average of the ten measures of length and of width (twenty in all), is 
called the average diameter of the grains. The thickness was not obtained. 
These figures are given in metric measures in Table 262 together with the ratio 
of the average diameters of quartz and galena. The specific gravity of the quartz 
is 2.640 and that of the galena is 7.586. The second part of the table shows the 
results of similar e.xperiments made with quartz and chalcopyrite, whose specific 
gravity was 4.167. This table brings out to a more marked degree than the 
previois ■work, the fact that the free settling ratio of the quartz and galena is- 
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TABLE 3655.— DIAMETEKS OF QUARTZ AND GALENA PARTICLES AND OP QUARTZ AND 
CJIALCOPYRITE PARTICLES WHICH ARE EQUAL SETTLING IN THE 
UPWARD CURRENTS SPECIFIED. 
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lower Ilian tlial ftiven by Ilittinfijer's formula ami is a variable, being smaller for 
finer sizi s. 'I’lie results on ehaleojiyrile and quartz oiler similar evidence to 
Ibose on oalena and ijuartz. 

Further "imjiarison uith the eurves of the fastest and slowest grains of Fig. 
287 shows that tliese averiige figures lie about three-fourths of the distance from 
the fastest to the slowest, instead of only one-third, which, as previously stated, 
was the imjnessi-m received by the eye. This discrepancy is probably due to 
differenees in ilie nature of the two methods of measuring the grains. In the 
first work, the diameter of the grains was taken as the average of the diameters 
of a square hole through which they were just iible to pass, and a square hole 
through which they just failed to pass. In the later work, the diameter of the 
grains was taken as the average of the length and width of several individual 
grains as they lay in the field of a microseope. It is clear that the taking of aver¬ 
ages of length and width gives too high result for comparison with the sifting 
work, as it is the width which, as a rule, determines whether or not the particle 
will pass through a given sized hole. It was found by taking averages of widths 
instead of both lengths and widths, that instead of being three-fourths, the 
average curve is about two-fifths (not quite down to one-third) of the way from 
the fastest to the slow'est curves. This verifies again tlie former work. It 
should be noted that the specific gravity of chalcopyrite is only slightly greater 
than that of sphalerite, and hence it would be presumed that the average figures 
for chalcopyrite would be slightly less than three-fourths of the way from the 
fastest to the slowest of sphalerite. Inspection show« that this is true, three- 
fifths being about the figure. 

§ 368. Eittinger’s Parabolic Formula. —Formulas for the rate’ of settling 
of particles in water have been derived by Rittinger, Wagoner and others. The 
' parabolic formula of Rittinger, which has been most generally accepted by other 
authors and which wiH be taken up first, does not, as he himself acknowledges, 
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harmonize with the facts observcfi upon small grains. The principle of the com¬ 
putation is to equate tlio force of gravity against the resistances which the falling 
particles have to overcome. For free settling particles, he gives in his treatise 
three formulas to represent the relation between the diameter of the grains 
and the rate of falling in water for irregular shaped grains: 


V=2.73 yT) (3—1) for roundish grains, 

V=2.44 ( 5 —f) for average grains, 

V=1.92 |/ 1 ) (5 _j) for flattish grains, 

in which V is the velocity in meters per second; D the diameter of the particles 
in meters; and is the specific gravity of the mineral. 

From the formula for the average grains, he computes the ratio of the diameters 
of quartz and galena particles that will be equal settling in water. Taking the 
specific gravities as given in Tabic 257, for quartz, 2.(540. and for galena, 7.586, 
and using his formula for the average grain, we should have: 

for (]uartz, V“=5.053(5 11, X 1.(54, 
for galena, V”=5.!)53(i ]l2X(5.58(i, 

where Dj is the diameter of the grain of quartz and D, is the diameter of the 
grain of galena. For equal-settling particles, we equate the two values of V*, 
and deduce: 


h- 

Dr 


(5.586 

1.(54' 


= 4.015. 


This is the method of calculating the diameter ratios or Rittingcr’s multipliers 
for various minerals referred to quartz which have been given already in Table 
261. 

The formula given by Kittingcr is that of a parabola, which for average 
particles may lie written: 

V* V 

|j-= 2 . 44 ( 15 — 1 ), or 0 =C=a constant for each mineral. 


Referring to the curve of fastest grains, the velocity of 1 -mm. galena is 352 mm. 
per second. Then the value of C in this case is: 


T 


123,904. 


Having obtained the value of C, the various values of V may he found by sub¬ 
stituting various values for B in the equation |j= 123,904. In the same way 
a value of C is found from the curve of slowest grains of galena, as 

?i^4^54,756 

and from this the various values of V for the slowest grains. In Fig. 289, 
a and b are the actual and computed curves respectively for the slowest grains 
of galena; c and d are the same for the fastest grains. It will ho seen 
that the actual and computed curves have extremely few points in common. 
Similar formulas h.-'ve been calculated and curves plotted for all the minerals 
examined, with practically the same results. This proves that the parabolic 
formula is not tmo for small particles. The fact that the parabolic formula 
does not apply to the slowest grains is evident from an inspection of the actual 
curve a of slowc'^t grains, in Fig. 289, as it clearly reverses its direction of 
curvature as it approaches the origin of coordinates. 

§ 369. Waooneh’s PomuLA.—Luther Wagoner, after an elaborate series of 
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experiments upon grains below 1 mm. in diameter, finds that the parabolic 
formula does not apply and concludes that the discrepancy is due to the fact 
that Eittinger’s formula did not take into account: (a) the adhesion of the 
molecules of liquid to each other, (6) the adhesion of the liquid to the immersed 
body, and (c) the temperature. The force (&) causes the moving particle to 
have a skin of water adhering to it. The force (a) opposes (6) and cuts the 
skin of water down to a constant minimum thickness for each velocity. If with 



FIG. a89.— ^ACTUAL AND COMPUTED CURVES OF FALL. 

a given velocity, the skin of water is 2 mm. thick, then a cube of quartz 80 mm. 
in diatncicr will he much less affected by it than one which is t mm. in diameter; 
for in the first case, the one volume of quartz will be accompanied by only 0.73 
volumes of water, wjiile in the second case one volume of quartz will drag along 
with it 124 volumes of water. But the discrepancy is still greater, for the larger 
cube falls with a much greater velocity, which tears off more of the water skin. 

The formulas derived by Wagoner in this early paper, conforming to the re¬ 
versed curve, are not here given, because they were based upon a different scheme 
of measuring the size of grains. He has, however, by using the author’s figures, 
derived a formula for slowest grains, expressing the relations between the diameter 
and rate of fall of the particles as follows : 



where V is velocity in mm. per second; D is the diameter of the particle in mm. 
and a, h and c are constants for each specific gravity, having values as shown in 
Table 363. He points out that the mean value of («-|-^) 1.4156, which is 

almost equal to 4^2, but is unable to explain it; and further states that if the 
relations of form, surface and weight to the diameter were known, a more perfect 
formula might be derived. It should be noted that in all his work, Wagoner has 
simply dealt with the author’s figures on slowest grains. 

§ 360. Investigations on Fine Grains. —On moderately fine grains the 
field does not seem to have been so thoaroughly explored. The author’s experi- 
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ments in no case extended below 0.01 mm. and in most cases not below 0.1 mm. 
From this point down until the finest particles are reached, the author is unable 
to give any accurate figures showing the rate of settling. Figures which are 
probably approximately true may be obtained by extending the lower ends of the 


TABLE 363.— VALUES OP THE CONSTANTS IN WAGONEIl’s FOllMULA. 


Minerals. 

Specific 

Gravity 

C. 

a. 

b. 

a-|-6. 

Minerals. 

Specific 

Gravity 

C. 

a. 

6 . 

a+fr. 

Copper . 

B.479 

187 G 

1.06.% 

O.S.'llO 

1.4140 

Chalcocito... 

5.884 

140.5 

0.6890 

0.7902 

1.42.18 

Qalena. 

7.586 

SKl.O 

l.OTiO 

0.82^0 

1.8990 

Pyrrhotiio.. 

4.508 

140.1 

0.5248 

0.9159 

1.4407 

Wolframite.. 

6.937 

m5.5 

0.908-1 

0.4HH7 

1.8921 

Quartz. 

2.640 

100.4 

0.9030 

0.5196 

1.4125 

Antimony.... 

6.706 

191.4 

0.8799 

0.5465 

1.42S4 

Anthracite.. 

1.473 

25.80 

0.7815 

0.02U7 

1.4082 


curves for fastest and slowest grains in Fig. 287, it being assumed that all the 
curves started from the origin of coiirdinates. For want of definite evidence, 
however, it seemed best not to do this, as later experiments may prove that the 
curves do not continue regularly to the origin. 

On the behavior of iinest grains, which are for the most part below the range 
of microscopic measurement, that is, below 0.00035 mm., several investigations 
have been made. These have been done more from the standpoint of the gi'ol- 
ogist, to determine the laws of sedimentation, than from that of the ore dresser. 
The grains are probably finer than any that the ore dresser will have to consider, 
but the author has thought it best to give an outline of the more important work 
done, in order that the reader may understand the new forces that come into play 
in the settling of such small grains. 

J. Thoulct^" finds after experimenting on kaolin and foraminifer® (chalk 
fossils), which were so fine that they were not discernible under the microscope, 
that very fine particles settle at a practically uniform rate in the same ratio as 
the difference of density between the solid and liquid; that at and below 33°C. 
fine particles remain suspended indefinitely in distilled water; that above 23°C. 
the rate of settling in distilled water increases with the tenipi'rature; that 
pressure, up to 13 atmospheres, has no effect upon settling fine particles. 

Dr. Barus’”" finds in regard to the rate of settling of clay and tripolite particles 
of perhaps 0.001)05 mm. diameter and less, that some may be so fine as to be 
held up for years; that the velocity of settling has no relation to the viscosity 
of the liquid; that they settle much more rapidly at 100°C. than at 0°C.; that 
they settle much more rapidly in solutions of acids and salts, and in stronger 
than in weaker solutions. In an opaque mixture where the particles are nearer 
together, they settle faster than in a translucent mixture. For particles, the 
diameter of which was estimated to be about 0.0003 mm., the velocity of settling 
in distilled water at 15°C. was 0.0000278 mm. per second and at 100°C. 0.000556' 
mm. per second. 

Some experimental results showing the effect of salts and acids upon the rate 
of settling are given under “Testing” in Chapter XXI. 

§ 361. Classification by Free Settlino. —The practical application of the 
principles of free settling for the purpose of obtaining a set of sorted products, 
may be u^rstood by referring to Fig. 390, which represents the relative posi¬ 
tions in vertical columns of particles of two specific gravities, ranging from a 
maximum diameter to dust, that were started at the same level and have all fallen 
the same length of time. In each case the diameters increase downward, but 
the largest grain of the heavier mineral, for example, galena, has fallen much 
farther than the largesf grain of the light mineral, for example, quartz. 

The distances these particles have fallen in a unit of time, may also represent 
velocities, that is to say, the velocity of a rising current that will just lift them. 





§ 361 LAWS OF CLASSIFYim BY FBBE BETTLIN9 IN WATBB. 


475 


Quartz' Galona 


s 


Arecnopjrrlte . Blende 


c O 
C—Q- 

O 

d-O 


o 

O 


o 

o 

o 

__ 0 - 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 


FTG. 8!)0. —OUArillCAL i?E?np:- 
SliN’t'A’]'U»N OF I'UBB BBT- 
TLINO. 


O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 


o 


o 

o 

o 

o 

o 

o 

o 


The grains above g will all bg lifted by a current ag in velocity; the grains above 
e will all be lifted by a current ae in velocity; the grains above d will all be 

lifted by a current ad in velocity; the grains 
above c will all bo lifti'd by a current ac in 
velocity; the grains above b will all be lifted 
by a current ab in velocity. If then, the 
grains be first submitted to a current ae, 
second to ad, third to ac aud fourth to ah, 
we shall get five products, the grains eg, de, 
cd and be, which S(;ttlc in the four currents 
respectively, and the grains ab, which rise in 
the last current. 

We further notice that the three products 
he, cd and de. are true sorted products. The 
galena is alway.s much smaller than the 
(juarfz in each case, and we notice that this 
is not the case in eg or in ab, the two end 
products, neither of which is a truly sorted 
product, d'hc product ab, differs so slightly 
that it is usually treated as a sorted product, 
but ef is totally ditferent and requires treat¬ 
ment adajited to its peculiar constitution. 

Wo may still further note that if instead 
of the current ae, the current af was used 
first, then only pure galena would be found 
in the product that settled in this current. 
This method commends itsilf where the 
heavy mineral is of very high specific 
gravity, or where the gangue is in very small 
per cent. D. W. Brunton reports that, using 
a cone hydraulic classifier (sei' Fig. 346), 
with three cones, fed by material which had 
passed through a CO-mesli screen, he ob¬ 
tained a first spigot product as rich as the 
best jig concentrates. In some of the Lake 
Superior copper mills a highly concentrated 
product is obtained in this w.oy (see Mill 48 
in §306). Likewise in a chromite mill in 
Newfoundland the first spigot of the classi¬ 
fier yields the best product in the mill and 
its amount forms a c.insiderablc pro]>ortion of the total concentrates. Mill 5 
has recently put in a liydraulic classifier (sec Figs. 244/ to ‘iA4li,) to treat all 
the tailings of the mill below 0.17 inch (4.32 mm.) which formerly went to 
waste. They report a considerable saving of good concentrates. 

Fig. 290 also illustrates the relations of arsenopyrite and quartz, and blende 
and quartz. 


Euiltogeapht foe Ciassifiebs and the Laws of Classifying by Free Settling in 

Water. 

1. Bilharz, O., (1896), “Mech. Aufbcreitung,” Vol. I., pp. 11, 43, 57, 85. Theory of 

free settlinK. Bilharz hydraulic classifier. Siphon separator. Altenberg classifier. 
Bilharz spitzlutte. 

2. CallOD, J., (1886), “Mining,” Vol. III., pp. 47, 58. Theory of free settling. Laby¬ 

rinth. Pointed boxes. Engis, Thirion and Dorr hydraulic classifiers. Siphon 
separator. 
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ments in no case extended below 0.01 mm. and in most cases not below 0.1 mm. 
From this point down until the finest particles are reached, the author is unable 
to give any accurate figures showing the rate of settling. Figures which are 
probably approximately true may be obtained by extending the lower ends of the 
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Gravity 

C. 
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b. 

a-|-6. 
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1.4140 
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5.884 
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0.7902 

1.42.18 
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0.82^0 

1.8990 
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4.508 

140.1 

0.5248 

0.9159 

1.4407 
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m5.5 

0.908-1 

0.4HH7 

1.8921 

Quartz. 

2.640 
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0.5196 

1.4125 
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6.706 

191.4 

0.8799 

0.5465 

1.42S4 

Anthracite.. 

1.473 

25.80 

0.7815 
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1.4082 


curves for fastest and slowest grains in Fig. 287, it being assumed that all the 
curves started from the origin of coiirdinates. For want of definite evidence, 
however, it seemed best not to do this, as later experiments may prove that the 
curves do not continue regularly to the origin. 

On the behavior of iinest grains, which are for the most part below the range 
of microscopic measurement, that is, below 0.00035 mm., several investigations 
have been made. These have been done more from the standpoint of the gi'ol- 
ogist, to determine the laws of sedimentation, than from that of the ore dresser. 
The grains are probably finer than any that the ore dresser will have to consider, 
but the author has thought it best to give an outline of the more important work 
done, in order that the reader may understand the new forces that come into play 
in the settling of such small grains. 

J. Thoulct^" finds after experimenting on kaolin and foraminifer® (chalk 
fossils), which were so fine that they were not discernible under the microscope, 
that very fine particles settle at a practically uniform rate in the same ratio as 
the difference of density between the solid and liquid; that at and below 33°C. 
fine particles remain suspended indefinitely in distilled water; that above 23°C. 
the rate of settling in distilled water increases with the tenipi'rature; that 
pressure, up to 13 atmospheres, has no effect upon settling fine particles. 

Dr. Barus’”" finds in regard to the rate of settling of clay and tripolite particles 
of perhaps 0.001)05 mm. diameter and less, that some may be so fine as to be 
held up for years; that the velocity of settling has no relation to the viscosity 
of the liquid; that they settle much more rapidly at 100°C. than at 0°C.; that 
they settle much more rapidly in solutions of acids and salts, and in stronger 
than in weaker solutions. In an opaque mixture where the particles are nearer 
together, they settle faster than in a translucent mixture. For particles, the 
diameter of which was estimated to be about 0.0003 mm., the velocity of settling 
in distilled water at 15°C. was 0.0000278 mm. per second and at 100°C. 0.000556' 
mm. per second. 

Some experimental results showing the effect of salts and acids upon the rate 
of settling are given under “Testing” in Chapter XXI. 

§ 361. Classification by Free Settlino. —The practical application of the 
principles of free settling for the purpose of obtaining a set of sorted products, 
may be u^rstood by referring to Fig. 390, which represents the relative posi¬ 
tions in vertical columns of particles of two specific gravities, ranging from a 
maximum diameter to dust, that were started at the same level and have all fallen 
the same length of time. In each case the diameters increase downward, but 
the largest grain of the heavier mineral, for example, galena, has fallen much 
farther than the largesf grain of the light mineral, for example, quartz. 

The distances these particles have fallen in a unit of time, may also represent 
velocities, that is to say, the velocity of a rising current that will just lift them. 
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69. Engineering, Vol. LVIII., (1894), p. 777. No author. Description of the Ferraris 

hydraulic classifier. 

70. Eng. d Alin. Jour., Vol. XXII., (1876), p. 139. No author. Description of Wengler 
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79. Ibid., p. 404. No author. Description of the Bilharz improved Rittinger spilzlatte. 
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93. Ibid., Vol. XLV., (1897), p. 357. V. Waltl. Dcscriiition, capacity and dimensions 
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106. Ibid., Vol. XIjUI., (1895), p. 184. Dr. Schulz and Herr Zeuner. Description of an 

elaborate system of settling tanks and reservoirs used at Tarnowitz. 
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CHAPTER Xlll. 

HAND FIUKINU. 

Finat, SrI’XRATORS, whicli iiicliule liiind jiicking. jigs, vaiuicrs, slime tables, 
magnetic separators, etc., are treated in Chapters Xill. to XVlll. inclusive. 

§ 3G2. Hand I’ickino is the process of separating into classes, bj hand, ores 
that have already been broken. It is of service in many ways. It saves rich 
ore from being crushed and made into slimes. It saves the expense of dressing 
(and in some cases also of shipping) waste rock, and at the same time increases 
the virtual capacity of the mill, in this connection it is especially applicable 
to ores that occur in such narrow veins that considerable country rock has to 
be mined with them. The picking out of wood, roj)e cnd.^, etc., is sometimes 
adopted to rid the following screens, spigot discharges, etc., of those trouble¬ 
some stoppages that cause so much derangement of mill work. Picking is often 
advantageous as relieving the concentrating machines of some of their most 
difficult work, for example, blende may be picked from chalcopyrite, barite 
from blonde, etc. In either of these cases the two minerals are so nearly equal 
in specific gravity that they cannot be separated by the concentrating machines. 
In like manner, two grades of concentrating ore may be made, one of which is 
easy and the other difficult to concentrate, or one of which has one mineral 
prominent, and the other another. In Mill 17, zinc ore is picked from lead 
ore, each going to its own department for concentration. 

Sledging and Si’Ai.lino. —When the large lumps of mine ore are broken by 
hammers weighing say 10 pounds or more, the operation is called sledging, 
whether the product is hand picked or not. When ore that has already been 
selected is broken down to 2- or 2^-inch cubes by two-hand long handled ham¬ 
mers weighing from 2 to 5 pounds, the operation is called spalling, whether or 
not the product is hand picked. It will bo seen from Tables 2(1-1 and 2G5 that 
sledging or spalling accomjianics hand picking on the picking floors of rock 
houses of Mills 5, 13, 14, 17, 40, 47 and 48. 

Cobbing consists in hand picKng accompanied by breaking with a one-hand 
hammer weighing 2 to 4 jiouiids. As a rule, the ore should be already broken 
as small as 4 inches in diameter. The richer the valuable mim-ral, and the 
more easily and cleanly it cleaves from the waste, the stronger will be the argu¬ 
ment for cobbing, since it produces cleaner products than machine work, and 
causes less loss % sliming. It will naturally produce cleaner products than 
spalling. Linkenbacli says that a strong boy can cob 1G5 pounds (76 kilos) 
of ordinary sulphide ore per hour, making G% of fines. At a mine in Saxony, 
cobbing set aside 25% of the material from further treatment.*" Cobbing is 
used- in Mill 27, but as a rule it is not found in the mills of this country. 

Hand Picking .Accompanied by Sledging. —In regions where labor is not 
too expensive, hand picking with sledging may be resorted to with great advan* 
tage, saving the expense of crushing and washing the richer ore, and avoiding 
the loss in slimes; and jn regions where ore is rich and concentration by machines 
is unavailable, hand picking with sledging must be used. On the other hand, 
in localities where the price of labor is high, and mill work is available, the 
tendency is to abolish the sledge almost entirely, and to use large breakers, but 
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the advantage of hand picking may still be retained, while the ore is being fed 
to the bin, the rock breaker, the rolls or the stamps. This form of hand pick¬ 
ing costs so little per ton of picked ore produced, and the yield can be so easily 
compared with the cost of getting it, that it is commending itself to mill men; 
for e.\aniplo, Mills 30, 31, 4a, 44, 46 and 48. 

Gknkuai, CoNsiDKiiATioNS.—Somo systematic method must be provided of 
bringing the materials to, and removing them from the pickers, so as to avoid 
wasting their time and energy. 

The work of picking should be inspected to see that it is properly done. 

' The keener sight of hoys makes them better pickers than men, but the latter 
are reejuired for inspection and res|)onsibility and for the heavy sledging and 
spalling. 'J'hc spalling floor and the hand picking house should both be well 
lighted. If hand picking must bo done at night, electric lights are to be pre¬ 
ferred. The natural colors of the minerals show better by the light of the are 
lamp than by other artilicial lights. Picking by night, however, is undesirable 
and should not be resorted to if it can be avoided. 

In most cases picking will be best done ujKiii rock freshly rinsed with water. 
This brings out the colors of the minerals to the best advantage, and it also 
lays the du.-t. Cases often occur, however, where washing preparatory to pick¬ 
ing is impracticable. 

The fines arc usually screened out before hand picking, and sometimes the 
coarser jiart is divided into two classes. The more nearly uniform the size of 
the ore particles, the easier is the work. 

§ 3(i3. Hand picking may he considered in the order of the plaees where it 
is done, namely, in (ho mine, at the lock house, or in the mill. 

PiciiiMi IN Tiiii Mine.—U ndci this heading may be included several different 
ideas, as follows; 

IPdAbi for Stowing —The separation of easily distinguishable bacTcn rock 
from ore, (,o save the cost of hoisting and to make filling for the mine, may be 
adopteil, but it does not apjiear to be much favored in (his country, probably 
on aceoiird of the losses of ore which occur, owing to poor light, limited space 
and the dilliculty of inspection. In Mine ‘Z4, however, SJS to 50% of the rock 
broken is left ui (he mine as refuse. In Mine 12 a small amount of refuse, 
amounting to 30 tons a year from a daily product of 100 tons, is picked out 
and left in the mine. In Mine 03 a little limestone is picked out in the open 
cut. At Idria, Austria, where the dressing is wholly by hand, with 65,000 to 
70,000 tons of quicksilver ore hoisted per year, 3,600 to 4,000 tons of waste 
rock are left in the mine by hand picking.”' 

Rich Ore for Eco wmrj. —Pure, soft ores that are easily recognizable, for 
example galena, may be selected in the mine, to minimize the losses due to attri¬ 
tion. This is done at Mines 26, 30, 31, 35, 54, 83 and 87. In Mine 31 this 
work yields about 2%, and in Mine 35 about 25% of smelting ore. 

At Friedrichs egcii, llhenish Prussia, sloping gratings with 50-mm. square 
holes are placed in the ore chutes at all of the workings in the mine. As the 
ore passes over the gratings, clean galena, blende, siderite and copper ore are 
picked out. The system is made a success by the payment of small bonuses.*” 
It is not uncommon, in Europe, for the miner to receive a slight premium for 
selected ore, but this premium is not so large that he is tempted to devote any 
of his time to spalling or true dressing to the neglect of mining." 

Bloclc System. —The valuable and refuse minerals may be so distributed in a 
mine that a species of block system may be adopted, handling ores by blocks 
or masses, one whole stope being sent to the smelter, another to the mill. This 
method is adopted in Mines 38 and 42, and undoubtedly in many others. 

For purposes of management, the ore from various shaft sinking, level driv- 
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ing or stoping operations may Ix' hoisted and stored separately, en route to the 
mill process. By this method, their separate valuation hy mill run approves 
or condemns each section of workings in the ordinary routine of business. 
Mines and Mills .’)!>, (il' and 77 are run upon this ])rineiple. Mill 59 is pro¬ 
vided with a large receiving floor. Three tracks are brought in, 11 feet above 
the floor, on trestles. Under each track are four compartments or dumping 
heaps, making 12 heaps in all. Each heaj) is 12 feet lengthwi.se of tlic track 
and 20 feet wide. Vertical ])lank partitions are placed across under tlu^ tracks 
belwcen th(‘ liea[)s, and aisles are left fi feet wide between the bea])s P)r wheel¬ 
ing any particular parcel of ore from its heap to its stamp battery, thus enabling 
the mill run to make a complete test of the valiu; of the sto]ie or winze from 
which th*' parcel of ore came. Mill 67 uses five bins in a block 38 feet long, 
16 feet wide. 15 feet deep in front, the bottom slojiing up -15° from the front. 
The five bins have a total ca])acity of 225 tons. The contents of each bin is 
sent by itself to the stamps; and a complete record of the yield is balanced 
against the cost of mining, and tells tlie profit or loss from the treatment. Mill 
77 has, behind each stamp battery, a bin tij'eet long, 7 feet wide, 10 feet deep. 
The mill treats custom ores, each lot of which is duinjicd into a particular bin, 
and the ore from each bin is tivated separately throughout, and compli'tc returns 
made thereof. 'I’his illustrates the method adopted in custom mills. 

Summary .—In the mines visited, the author finds mine sorting carried on 
as follows: In Mines 21, 25 and 57 the ore is sorted into concentrating ore and 
waste; in Mines 26, 39 and 87, the ore is sorted into smelting ore, coneentrat- 
ing ore and waste; in Mines 1, 30, 31, 35, 40, 41, 54 and 83 the ore is sorted 
into smelting ore and concentrating ore; in the mine supplying iMills 68 and 
82, the ore is sortwl into silvi'r ore and gold ore; and in Mine 12, the ore is 
sorted approximatidy into pieces larger and pieces smaller than 6-ineh cube to 
be treated .separately in the mill. In all of these cases the dilferent jiroducts are 
hoisted separately, exce])t as otherwi.^e indicated. 'I'he author has no data upon 
the remaining mines, as to whether or not any sorting is done below ground. 

§ 364. Hand 1’jckino in the Rock House.— The rock bouse is either an 
addition to the shaft house, or a separate building near by. It generally has a 
track for bringing the ore to the pickers; a grizzly and bin for screening out 
and receiving the fines; a picking floor or table for sorting the oversize of the 
grizzly; and tracks for removing the waste, th(‘ lump ore and the fines. The 
material subjected to picking is the oversize of the grizzly; and this w'ork is 
done either on large spalling floors with the aid of sledges, drop hammers, etc.; 
on picking tables; on the grizzlies; or on both grizzlies and floor. 

Table 264 shows that picking yields shipping ore and concentrating ore in 
1 rock house; shipping ore and waste in 2 rock houses; concentrating ore and 
waste in 4 rock houses; shipping ore, concentrating ore and waste in 5 rock 
houses. The waste from the rock houses of Mills 65, 73 and 74 consists simply 
of wood chips; and as a certain amount of gold adheres to these, they are burned 
and the ashes worked up to extract the gold. Home wood is also picked out from 
the stamp mortars of these mills and treated in the same way. In the rock 
house of Mill 55, 10 to 15% of rich smelting ore is picked from the chutes 
as the ore is loaded on cars. In rock houses of Mills 46 and 47 the quantity of 
native copper picked out is, re^ijieetively, about 8% and 30% of the total copper 
product, and the quantity of waste rejected is, respectively, about 12% and 10% 
of the rock hoisted. In the rock house of Mill 48 about 7% of the rock hoisted 
is rejected by hand pieWng. 

At most of the gold mines on the Rand, in South Africa, where the "reef” is 
often so harrow as to require the mining of a good deal of waste rock, consider¬ 
able gtteption is given to removing barren quartzite from the ore as it passes 



BAND PlOSmO. 


483 


§ 364 

through the rock houses. At some of the mines the ore is screened into three 
sizes, the fines going direct to the mill, while the two coarstw sizes are hand 
picked. Tlu! good ore remaining in the coarsest size is then crushed and sent 
to a grizzly, the oversize of which is again hand picked. In some cases as much 



no. 391. —END ELEV.4.TION OF HOCK HOUSE OP MILL 40. 


as 30% or even 40 or 50% of the rock hoisted is removed by hand picking, though 
Webb and Yeatinan“‘ estimate that the average for the district is probably from 
13 to 16%. 

The rock house of Mill 40 is shown in Fig. 391, where a is the receiving car, 6 
the grizzly, c the bin for fines, d the picking floor, e the car for removing waste 
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or lump ore, and f the track for removing the fines. A section of a Cripple 
Creek rock house is shown in Fig. 893. The receiving car a has been turned 
90° from the direction of the truck on which it comes in, h is the grizzly, c the 
bin for fines, d the picking table, e the car for removing lump ore or waste, 
and / tlic bins for the various grades of lump ore. The rock house of the 
Cowenhoven Tunnel Co., of Aspen, Colorado, is shown in Figs. 293a and 2936. 
a is the receiving track, 6 the grizzly, t: the hin for fines, d the picking floor, e 
the track for shipping waste, and f the track for shipping Ant's. These last 
two designs are by I). W. Brunt on. The (Suston mine rock house, of Guston, 
Colorado, shown in Fig. 294, is 30X100 feet, a is the receiving car, 6 the pick¬ 
ing table, c the working floor for barrows, and d an outside platform for wheel¬ 
ing waste to the dump and ore to the cars. The contour of the ground is 
unfavorable to the shipping of ore from both aides, which the design contemplated. 

A great variety of designs is used. The rock houses at the Lake Superior 
copper mines are capable of handling very large quantities of ore. 


TABLE 204.— HAND PICKING IN BOCK HOUSES. 


£\ Sizes 
C. I Picked 
P [ Inches 


, 0)2 

«-a 

(0)2)4 

(«)1K 

(0)3)4 

(0)3)4 

(0)3)4 

'0)2)4 

(0)4 


Floor about ISxlSCt 


\ Table, 12 ft.x3 
) feet 1 inch. 

Spainous. 


|Tsblo, 12x8feet.. I vVithout 


^(o)l«] 


Area of 
Floor or Table. 


With or without ! 
[Spallingor Cobbing 


With spalling.. 


Quality of Products. 


Without. 

Withfli>alliug.. 


Two floors, COxC ft, 

\ On grizzlv, 14 'i 
) ft.x8ft.8Hln. I 
\ On grizzly, 7 ft. f 
t x4 ft. >n. j 

Floor, 70x40 fi*et... 


Floor, 58x88 fetit... 

Floor, 40x80 feet... 

Grizzly, 6x5 feet. 

Chute (y). 

longrtezlles, llx-ftj 


With sledging. 


With sledging.. 


With sledging.. 


Without. 
Without.. 
Without. 


11 Pyrite. 

2 Pyrlle and chaloopyrite 

3 Ditto with enargite. 

4 Pure chalcopyrite and 

quartz. 

5 Arsouopyrlte. 

6 SchiHt. 

1 Pyrite and chalcopyi‘it<* 

12 Schist. 

Clean ore. 

2 Spalls. 

8 Waste. 

1 Clean ore. 

12 Waste. 

1 Chalcopyrite, bornlte! 

and enargite. 

Ditto, with blende.. 

13 Concentrating ore.. 

4 Waste. 


To acid works. 

To copper works. 

To copper electrolytic proco^. 
I'Tux ore for refinery. 

Diimjied. 

To waste dump. 

To copi>er works. 

To dump. 

To acid works and cofiper smelter. 
To grizzly, % inch. 


Nuggets or barrel work 

2 Mill rock. 

3 Waste. 


jlMass copper, largL* 
lumps. 

;2 Lump rock. 

8 Fine stuff. 

I 4 Waste.. 

1 Large lumps audi 
mass coisi>er. 

|2 Snmli mass copiier.... 

|3 Lump rock. 

j4 Waste. 

1 Nuggets or barrel work 

[2 Large pieces. 

i8 Lump rock. 

|4 Waste. 

1 Coneeutrating rock 

2 Waste. 

1 High-grade ore.... 

2 Concentrating ore. 

1 Wood chips. 

|2 Conc'entrating ore. 


Destination of Products. 


To acid works and copper smelter. 
To dump. 

To copper smelter. 

To t;opper smelter. 

To mill. 

To dump. 

To smelter. 

[To breaker. 

For making Imid. 


To drop hammer. 

[To two sizes of breaker. 

To mill bin. 

To dump. 

To drop hummer. 

To steam hammer. 

To two sizes of breaker. 

[To dump, mostly fit for building. 
[To smelter. 

To drop hammer. 

To two sizes of breaker. 

To dump. 

To mill bln. 

To dump. 

To smeller. 

To mill. 

Burned for gold. 

To breaker. 


(a) Run of mine, with ore finer than this size screened out. 


§ 365. Hand Picking in the Mill is (fone on chutes, grizzlies, tables or floors. 
The practice is shown in Table 2(>5, from which we see that picking yields smelt¬ 
ing ore and concentrating ore in 8 mills; smelting ore and waste in 5 mills; 
concentrating ore and waste in 4 mills; and smelting ore, concentrating ore 
and waste in 4 mills. In 4 cases the waste consists simply of wood chips, etc., 
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TABLE 265.— ^HAND PICKING IN THE MILLS. 


Sizes 

Picked. 

Inches. 

Area of 

Floor or Table. 

With or without 
Spalling or 
Cobbing. 





(On boards on the 
( ground. 

[Wltliout... 

(0)1 

hSSU 

mesh. 

Table, 8x1^ ft...! 

Table... .I 

Table.1 

Without........' 

(a)8H 


With spalling.. ^ 


(0)6 

Floor, 20x10 feet... 

Without (?).... ^ 

IK to 6 

Table, :Ax3feet.... 

Without if).... 

«tolH 

Table, 25x3 feet.... 

without (?)....] 

Runofmine 

Floor, spacious.... 

With spoiling.. i 

Runofmine 

i Equilateral tri- 
i angle, 6 ft. side. 

t. 


Runofmine 

Table, 7x4 feet. 

WithcobUng.. 

(»)SH 

Picking chute. 

Without. 

Runofmine 

Pickingchute...... 

Without.. 



(f) 

Without.. 

(0)1 

1 Vibrating griz- 
i zly, 24x& inches 

(6) DM 

Picking ebute (d).. 

WiUiout.• 

(l»B 

Picking chute (e).. 

jPicking chute, 
1 24° slope. 

4 Without. 4 

< Water with < 

{ rook. ( 

[ without.1 

lt02 

Grizzly,KxlSinches 

Without.1 

(6)4 

j Picking chute, 
1 81° slope. 

Water fed with j 
rock. 1 

(0)1M 

Od grizzly, 16x6 (k 

without.] 

IK to 4 

1 Rubber belt, IS ft.' 

1 long, 36 in. wide. 

^Without.1 


Quality of Products. 


Defltination of Products. 


4 

*\ 

41 

6 

IS 

12 

12 


1 Purple copper.. 
|2 Chaicopyrite.. 

3 Waste.. 

|l Lead ore. 

,2 Zinc ore. 

8 Waste. 


.1 Clean limcnite.. 
|2 Waste. 


Lump ore.. 

|a Waste. 

1 ConcentraUng ore.. 

2 WhsUs. 

1 SimdUug <tre, isC cluBS. 

3 •' “ i'luHS 

{8 Concentrating ore. 

|4 Waste. 

1 Rich ore. 

|2 Waste. 

II Clean lead ore. 

2 Concentrating lead ore. 

[3 Clean xiuc ore. 

‘1 Concentrating zinc ore ^ 

1 Clean galena. 

2 Clean blende. 

2 Concentrating ore. 

1 Gray copper. 

2 Concentrating ore. 

11 Galena. 

12 (^)uceutralmg ore..... 

|l Rich ore. 

Couceiitrating ore.... 

1 Rich ore. 

M Concentrating ore.... 

1 Rich ore. 

2 Concentrating ore. 

1 Copiier nuggets or bar 

rel work. 

2 Mass copi>er. 

8 (’onceutrating rock.... 

4 Wood chips. 

1 Mass copjMir. 

2 t/'oncentrutiiig rock... 

3 Wooil chips, etc........ 

1 Concentrating rock.... 

2 Wood. 

1 Coi>i>er. 

|2 Rock. 

1 Kuggets or liarnd work 

2 C'oncentrating rock.... 

3 Wood uhi|>s, etc. 

1 Rich ore. 

2 Concentrating ore..... 

1 Ooucentrating ore. 

2 Waste. 


To smelter. 

To smelter. 

To dump. 

To smelter. 

To smelter. 

To dump. 

To furnace. 

To Jump. 

To furnaces. 

Hrokeu to pass through grirzly. 
To breaker. 

[To <luin)>. 

|To furnotvs for spelter. 

[iVi oxide furnaces. 

'I‘i> breakers. 
iTo dump. 

!To furnaces for spelter. 

[To ihinip. 

[To furimcps. 

|To lead mill. 

To furnaces. 

|Tu zinc mill. 

'I’o smelter. 

Suired. 

To breaker. 

To smelter 
To breaker. 

To smeller. 

To rolls. 

To smelter. 

[To lireaker. 

I'o BmelU»r. 

I'o breaktT. 

Tosiutdler. 

To st4*atn stamps. 

To smelter. 

To stamps just before clean up 
To stanijis. 

Waste 

To stamps just before clean up. 
To stamps. 

WukU‘. 

To stamps. 

To wasU‘. 
i\> suudter. 

Returned to steam stamp. 

To sniolbT. 

To stamps. 

[To waste. 

To smelter. 

To breaker 
To breaker 
To dump. 


(a) Run Oa’ mine, with ore finer than this size sen^eued out (b) Hun of mine, with ore coarser than this 
size screened out. (c) lu feet 8 inches long by 12 feet wide. (J) About 10 feet long, 4 feet wide at top, 1 foot 
wide at bottoni. (e) fi feet 2 inches long, 4 feet 6 inches wide at top, 7!4 inch^ wide at bottom i slope 5 inches 
to 1 foot, or 22° 87'. 


which would be troublesome in the mill. In some of the mills two grades of 
concentrating ore or of smelting ok; are produced. In addition to the cases 
shown in Table 266, native silver is separated from native copper in Mills 44, 
46, 41' and 48. The material treated is the washed iwidne from the steam 
stamp mortars larger than inch, and skinimings from the No. 1 roughing 
^'igs between and ygj inch. At Mill 27 about 10% of all the concentrates 
IS obtained by hand picking. In Europe, where more attention is given to 
hand picking than in this country, a large number of products is sometimes 
produced: for example, at Freiberg fifteen different products are made.** 

§ 366.* Size of Oee. —An idea of the sizes that are hand picked in American 
and puropean mills may be obtained from Tables 264, 265 and 266. The over- 
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§ 867 

size of the coarse grizzlies often contains lumps 9 inches in diameter or even 
larger. There is very little picking of sizes smaller than 4 inch. It will be 
seen, however, that there is a great variation in the lower limit of size below 
which hand picking ceases; and it would appear impossible to assign a limit 
above which picking may be profitable, and below which it will not be so. Bach 
manager must decide this for his own mill. It will be further noticed that in 
a number of instances the picking of all sizes mixed is resorted to with profit. 
However, while this is proper in some eases, it is not in general to be recom¬ 
mended, since the eye and mind cannot easily follow large and small pieces at 
the same time, and tlie result is therefore less complete. 


TADI.K 3G6. —SIZES OF ORF. HAND PICKED IN EUROPEAN MILLS. 


riocA. { 

Sizes Picked. Inches. 


1.25 to 8.4; ar to 1.85; 0.5 to 0.7. 

1.4 (o>; 1.4 to 8; 1.8 to 1.4; 1 to 1.4; 0.8 to 1.8; O.Sto 0.& 
2.5(a); 1.4 to 2.5; 0.6 to 1.4. 

3.2 (a); 1.85 to 8.9; 0.6 to 1.85. 

1.2 to 2; 1 to 1.2; O.Otol.a 

2. 4 to 8.8: 1.85 to 8.4; 0 85 to 1.85; 0.6 to 0.85. 

1 2(a); 08 to 8.4; 0.5to0.a 

2.4 (a); 0.8 to 2.4. 

\i to); 1.8 to 2; 0.8 to IJ; 0.6 to O.a 







Ramsht^ck, Westphalia (IKirnberg and Aurora Works). 




(a) Run of mine willi sizes Oner than this screened out. 


§ 3(17. The Cost of Hand Picking depends on the percentage that is picked 
out, the size of the ore, the ease with which the different minerals can be dis¬ 
tinguished, tli(! meehanieal Ituiiitii's and the price of labor. The labor re¬ 
quired is generally the ebeayiest about the mill. Hatch and Chalmers” state that 
the average eo.-t of liand picking on the Hand in 181)5 was about 14 cents per 
ton jiieked "ut, while figures quoted by them show that the average cost of 
stamp milling in 11 mills was $1.10 per ton, and the average cost of cyaniding 
the mill tailings in 0 mills was $1.24 per ton; showing that, by picking out the 
waste instead of Hmding it all to the mills, there was an average saving of about 
$2.20 ])cr ton of waste picked out, beside the cost of transporting from the rock 
houses to the mills. The native laborers employed for this work receive only 
$0.50 per day, but there would be a large saving even if the price of white 
labor was paid ($2.00 to $3.50 a day). As an illustration of the relative value 
of the waste, the annual report of the tteldenhuis Deep mine for 1897 states 
that the average assay of the hand picked waste (amounting to 9.7% of the 
ore mined) was $1.10 per ton, while the as.'^ay of the final tailings after passing 
through the stamj) mill and cyanide works, was $1.08 per ton. At the Ferreira 
mine, the hand ])ieked waste (amounting to 31.9% of the ore mined) assayed 
less than the final tailings from the cyanide plant.” 

Table 267 gives estimati'd costs of picking galena of different sizes when the 
ore passes automatically in front of the pickers. Where the larger sizes are 
picked on floors instead of on belts or revolving tables, the quantities stated in 
the table arc probably too high and the cost too low; and, moreover, the picker 
would probably become exhausted when picking 6-inch cubes at the rate indi¬ 
cated. The table, however, has its value as showing how rapidly the quantity 
diminishes, and the coat per ton increases, as the size of the individual particle 
diminishes. Estimates for other minerals can easily be made: for example, in 
jjicking quartz the quantity would be times that in the table for any size, 
and the cost per ton would bo times that given in the table, 2.6 and 7.6 
being the specific gravities of quartz and galena respectively. 
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TABLE 267.— ESTIMATED COST OP HAND PICKING GALENA. 



Weight of a Single 
Lump of Galena. 

Seconds Rcauired 
to lick one Lump 

Wdgbt of Galena 
Picked in Ten Houi-s. 

C/OBt per Ton Picked 
Out. Wages at $1.00 
for Ten Hours. 

6 —inch cubes.. 

Pounds. 

58.4G 

42 

Pounds. 

50,100 

t0.040 

6 “ " . 

S3.83 

24 

50,750 


^ •« 

J7.321 

12 

61,970 

0.038 

8 « “ . 

7.808 

6 

62,620 


9 « *• 

2.165 

3 

2r),980 

0.077 

m “ •• . 

0.0134 

2 

16,442 

0.122 


0.270C1 

1 

0,743 

0.2‘)5 

S:: :: 

0.11421 

1 

4,112 

0.480 

0.03383 

1 

1,212 

1 643 


§ 368. Picking Table.s. —Tlierc arc five classi's of ])Kkiiig tablc.s in use: (1) 
stationary horizontal tables; (2) stationary sloping chute.s; (3) slinking tables; 
(4) belt, rope or jilalc conveyors; and (5) revolving circular tables. Station¬ 
ary, horizontal tables may be fed automatically or by barrow, but they are dis¬ 
charged by hand. Sloping tables or chutes, are fed automatically and may be 
discharged automatically. Tables of the three remaining classes are fed and 
discharged automatically. 

Station AiiY Tables, on which the ore rests, are horizontal or nearly so. They 
arc generally long and narrow, with a tank at one side for cleaning the ore 
before it is shoveled to the table. The rinsing is sometimes done on the table 
with a hose. They have a track for barrow or car for bringing the ore, and 
have niean.s for disposing of the various products by lioxcs, bop|K‘rs or chutes. 

The table used at Mine 13 (Kig. 2!ir)) is 12 feet long, 3 feet 1 inch wide, with 



FIG. 29.').—cnoss SECTION of washing box and picking table at mill 13. 

a tank, d, on one side, which has, an inch or two below the .surface of the water, 
a horizontal plate perforated with ,j-inch holes, on which the ore is dumped and 
rinsed, and from which it is shoveled to the table, 71, for tlie pickers. The table 
slopes toward the tank inches per foot (7° 8') for drainage. Four pickers 
sit in a row upon thii seat, V. which consists of a jilank supported by brackets. 
They pick poor rock into wheelbarrows Indiind them, and scrape the good ore 
into the hopper beneath, which discharges by a gate into a car on the floor below. 
It would be easier for the pickers to deliver the ore forward rather than back¬ 
ward, but no convenient way of doing this seems to have been found. In cold 
weather the pickers are warmed by exhaust steam which passes through pipes 
over Ihe table, thence beneath the seat, a.id finally through the washing tank. 

Mine 14 uses a table somewhat similar to the above, 12 feet long, 3 feet wide, 
2J feet high, >.t the side of which is a washing tank 5 feet long, 7 feet wide, 1 
foot deep. The pickers sort the good ore into boxes and scrape the waste into 
a hopper beneath the tsble. 

At Mill 12. the picking tables are 2.5 feet long, 3 feet wide, with the picking 
surfaie made of old trommel screens, lo drain the ore. Alongside of each is a 
rinsing table. 20 feet long, 2 feet wide, sloping 1 inch per foot, made up of 
five cast-iron jiiates, 1 incl, ihiek, perforated with round holes, inch in diam*.' 
eter for Ko. 1 table and g inch for No. 2. Tinder the plate, to catch the 
water and fines, is a lnuk extending beyond the plate, leaving an open space' 
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from which water may be dipped by bucket. The ore is shoveled on the rins¬ 
ing plate and washed either with bucket or hose, according to whether the tank 
is full of water or not. The ore is then shoveled to the picking table. Boys 
pick the three grades of good ore into boxes, and scrape the waste to the floor, 
from which it is later wheeled to the dump. The fines from the tank go to 
the jigs. 

At Mill 27, a table 7 feet long, 4 feet wide, sloping 3“ 50' from end to end, 
is used. On each side is a ledge 8 inches wide ancl 3 inches high, on which are 
old Blake breaker toggles, which serve as pounding blocks for cobbing. The 
run of mine is raked along the central trough, which is 32 inches wide, while 
men stand at the sides and cob the ore. It yields smelting ore to a bin and 
concentrating ore to a breaker. 

Mill 19 has a fixed picking table in the form of an equilateral triangle, 6 feet 
on a aide. 

Ticking Chutes. —In Mill 30 there are 18 picking chutes, each 4 feet 6 
inches long, 32 inches wide, 2G inches deep, sloping 39°, with, checks in them to 
control the flow of ore, and scuts on which the pickers sit over the chutes. The 
who'e contents of a large store bin, with run of mine which has been through a 
Blake breaker, i)a».“cs automatically before the pickers, who pick out clean smelt¬ 
ing ore and toss it into a bin. 'I'he rest of the ore goes automatically, by a 
plate conveyor am! elevator, to th(’ rolls. The men arc paid so much per ton on 
the product picked, provided it assays up to the standard. This is a most simple 
device for inviting tin', picker to get high quantity while holding him to good 
quality. About 21% of the concentrating ore is thus picked out. In Mill 31, 
about lf% of the concentrating ore is picked out as it passes from bin to breaker. 

Mills 44, 40, 47 and 48 all hav(! picking chutes 0 to 10 fe(4 long, sloping 20° 
to 30°, narrowing toward the lower end, on which the rock is easily pushed, 
. with tin* aid of writing, from the bins to each steam stamp. Eich “barrel” 
copper is picked out to be sent to the furnace; and a second grade of rich cop¬ 
per rock is saved, to be fed to the stamp during the lust half hour before chang¬ 
ing a shoe, (!hips of wood, roj)e ends, etc. arc also picked out, while the rest 
goes direct to the stamp. 

An automatic .-late picker, consisting of a chute with a specially designed 
slotted bottom, is used for cleaning coal. It operates by virtue of the flat shape 
of the slate.'* 

§ 3G9. Shaking Tables. —^Bartlett’s picking table is an inclined, flat table, 
divided into a number of conveying troughs by longitudinal partitions, and 
receiving a lengthwise shaking motion from eccentrics. The table is inclined 
about 1 inch in 9 inches, or sufficiently to cause the ore to move down the slope. 
A screen at the upper end, with 0.25-inch holes and a spray pipe for wash water, 
removes the fines; a widi' central conveying trough brings the rock; and three 
narrow troughs on each side receive three qualities of picked material. These 
troughs extend f-on. the sereen at the upper end, the whole length of the table, 
and deliver the various products into separate bins. The table is 18 feet long, 
4 feet 4 inches wide, and moves back and forth en rollers, 200 times a minute, 
a distance of 2 inches. The table treats 5 to 10 tons per hour, and, with breaker 
and elevator, the cost of treatment was 15 cents per ton.*“ 

Belt, Hope and Plate Conveyoks arc endless belts passing over two drums, 
with moans of taking up the slack and of supporting the two horizontal parts 
of the belt. The belts are made of rubber, of steel plates or pans, and some¬ 
times of rope matting, of wire cloth, or of wire matting. Pickers can stand on 
each side and pick into either boxes or harrows, or into a central trough, upon 
the belt. For detailed description see § fi27. 

In Mill 92, a chain plate conveyor, 25 feet long between centers of drums, 



490 


ORE RBESSma. 


§ 3(l!t 


and 35 inches wide^ was fonnerly used. It was divided longitudimiliy I lire, 
parts by two iron fins on each plate. The cenicr ))art was .10 inclir- w i c.icli 
side part 12 inches wide. It traveled 32 feet j niiiiiitc. Tlic ore was i'd tc 
the two side parts, and the waste picked into . 'cnicr iwrl liy one or Iwo 



FIG. 29().—ItEVOLVING PICKING TABLE. 


men. i’lie two side parts de¬ 
livered to a doiible-jaw breaker 
and llie center liv a chute to the 
W'aste (liiiiip. 3’lii.s plate convi'vor 
has been replaeed by a rubber ladt, 
from which wa.^lc i.s now jiickcd 
off. 

A plate convi'vor has been used 
for coal, of sueli form that the 
wa.sfe can Ik' pieki'd from the 
ujijier jiart of tiii' h'lt and put 
u])on the lower ])art. Each jiart 
delivers its jirodiiet automati¬ 
cally.” 

A Kevoi.vixg (.'ii!('ri..\u Taiii.u 
has an annular imkin;; surface, 
ujion whirl, the oi-r is fed from a 
chiifc and from which, after the 
circuit is comjileted, ali that has 
not b(‘en picked oil' i... automatic¬ 
ally remove'll by a fixed diagonal 
scra])cr. Ei;r. 2 !h; show.s a table 
havino an outer diameter of 11 
feet G inches, with the picking 
surface, d, 2(i inche.s wide. It is 
supported on nine horizontal 
arms, c, radiating from a central 
hub, h. which is keyed to the 
vertical shaft, a. These arni.s are 
supported mainly by the rods f. 
Around the inner margin is a 
raised border c, 5.;! inches high, 
wdiich prevents ore being knocked 
off the inner edge. The table is 
driven by the worm gearing a,; 
and reipiircs only about 0.1 horse 
power.^ 'I'lii' ore fed at h 

is rin.sed with water from the jiipe 
k. The pickers stand round the 
table and throw cither waste or 
rich ore, as the case may be, into 
the hopper 1; and what remains 
on the table is delivered into 


the chute, m, by a svraper not shown in the figure. Another method is for each 
boy to pick into a box by his side. Assays of the products obtained by the last 
picker will show whether the picking is carried too far or not far enough. The 
surface of the table is ^either wood or plate iron. When the latter is used it 
may be perforated to drain off the rinsing water, or the table may slope gently 
toward "the edge so that the water will run off into a launder. The rinsing, 
howfverj is sometimes done before the ore reaches the table. 
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In the Rand district, Sonth Africa, circular tables are used which consist of 
an annular picking sii I'facc 25 to 30 feet outside diameter and without any cen¬ 
tral cons) ruction, the table being supported on rollers beneath as shown in Fig. 
297. It is driven by bcvid gearing beneath. Pickers stand inside as well as 
outside of the table. This construction is used instead of that shown in Fig. 
296 on account of the largo diameter. Rollers fastened to the under side of 
the table and running on a fixed rail have been tried, but were given up because 
pieces of rock fell on the rail and caused trouble. 

An intermittent motion has been applied to round fables, by means of a ratchet 
and pawl, because a uniform speed of revolution tends to make the pickers dizzy.*® 

Tim Si’EKn of the moving tables, in practice, appears to vary from 15 to 40 
feet per minute. The more pickers, or the less material to be picked out, the 
liigher may the speed be. 

S 370. SuMMAiiY.—Of the plants visited by the author, two(13 and 14) have 
stiltioii.iry picking tables in the rock houses; four (4, 12, 19 and 27) have sta- 
tionar'i tables in the mills; seven (30, 31, 41, 46, 47, 48 and 55) have picking 



no. 297. —metikid of .supfokting a circulab revolving 

rlCKlNO TABLE. 


chutes; seven (5. 44. 48, (>5, 73, 74 and 82) pick on fi.\ed grizzlies; one (42) 
picks on a vibrating grizzly, and one (92) picks on a rubber conveying 
belt. Of the 22 instances here noted, 14 pick on chutes or grizzlies, showing 
that it is more common to sacrifice lieight than to install the mure complex 
conveying Ixdts. In many of these i' stances the fall was necessary for other 
reasons, and these simple designs are found, in these eases, to serve as well as 
the moving tables. The chief argument in favor of tables is that they furnish 
picking facilities without loss of height. 

Comparisons. —Moving tables are discharged automatically, while stationai^ 
horizontal tables must be discharged by hand. When more than one mineral is 
to be picked out. moving tables have tho advantage that each picker selects only 
one grade, and therefore does better work; but, on the other hand, some mana¬ 
gers prefer to have a single picker do all of the work o' any batch of ore, because 
rtiat fixes the responsibility, and in such cases fixed tables must be used. The 
fixed tables have the further advantage that they cost much less. Of the mov¬ 
ing tables, the circular form shown in Fig. 296 is much simpler and cheaper 
to construct than the belts. 
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hand jiicking in the mine and on the surface, and the jirineiplcs of hand picking; 
also the advantages of different forum of jiieking tables. 
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CHAPTER XIV. 

JIGS. 

g 371. Principle, Purpose and Definitions. —The work of hydraulic jigs 
depends, as a rule, ujion the action of two currents of water, an ujiwiird and a 
downward, alternating with each other in quick succession, upon a bed of sand 
supported by a screen. Sands of two or more speeilic gravities, during the up¬ 
ward inovenient, culled pulsion, arrange themselves according to the law of 
hindered settling (see g 166). During the downward movement, called suction, 
small grains wherever they are free to do so, move downward through the inter¬ 
stices between the large grains. In continuous jigs there is generally also a 
surface carrying current which serves to transjwrt the lighter grains forward 
until they are discharged over the tail; sometimes this is done by a mechanical 
device. 

The machines to he described under this heading are of two classes: jigs with 
movable sieves, which obtain the currents by pushing the sieve uji and down in 
the water, either by hand or by jiow'er; and jigs with pxed sieves in which the 
currents of water are produced cither by a jilunger or by a stream of hydraulic 
water brought from a hydrant into the hutch, that is, the space lieneath the 
sieve, or by both. The fixed sieve jigs are by far the more common. This 
hydraulic water acts to modify both pulsion and suction. Its increase adds to 
the former and-diininishes the latter. It may be increased to an amount that 
will stop suction altogether; this, however, is more a theoretical idea than a 
practical method, on account of the, large amount of water reipiired to accomplish 
the result. If on the other hand, the. hydraulic water is riahieed to zero, then 
suction is incrca.sed to the maximum and suction equals pulsion. 

The jigs have proved tlie most valuable concentrators yet devised for all the 
coarse products and they succeed also upon com|)aratively line products, but 
have never been used to advantage for slimes. For this reason there is only one 
instance where tiny are used in gold stamp mills—in Mill (id, where they are 
reported to be run successfully. They can he used in the separation of two, 
three or four minerals, for example, quartz, blende, pyritc and galena. The 
coarse jigs can be used to save clean lump ore and to send the lumj)s of included 
grains to the crushers to he recrushed. The fine jigs can be used to yield pure 
heads, middlings for recrushing and washing, and tailings clean enough to 
throw away. The feed to jigs may be sized products, sorted products, or natural 
products. Jigs are, as a rule, final washers, that is to say, among the products 
which they turn out are one or two finished products—^heads, or tailing.?, or both. 
Besides, they generally^ yield one unfinished product which may be cither the 
heads, the middlings or the tailings, according to the method of running. 

The products of a jig are designated as follows: (1) Tailings, which form 
the top layer and are either skimmed off the top intermittently by hand, of are, 
carried 'over the tail continuously by the carrying current. (2) Coarse con- 
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centrales, which form the heavy or lower layer upon the sieve, and are composed 
of grains too coarse to go through. These may be removed intermittently by 
skimming, or continuously by devices called discharges. (3) Hutch product, 
the “Hutch” or fine concentrates, is the part which goes through the sieve. It 
is discharged intomiittently by shoveding or by a gate, or continuously by a run¬ 
ning spigot or by an elevator. A jig may be run to make any two or all three 
of the preceding product.s. Before taking up the details of jigs, the following 
definitions will be given of three terms as they will be used by the author: The 
hottow hed is the lower layer on the sieve, consisting of heavy mineral. The 
top taper is the U]iper layer, consisting mainly of gangue from whieb the heavy 
mineral is in the ))roeess of heing sejiarated. The whole hed is the phrase used 
when the ahove nvo are spoken of collectively. 

Movaulb Sikve .Tins are divided into; 

Movable sieve hand jigs. 

Continuous movable sieve power ji^. 

Intermittent movable sieve power jigs. 


Jfov.vBi.u Sieve Hand Jigs. 

§ 37’3. This form of jig is used where concentration is being proved, or 
W'here the ])lant is small, or where, as in Missouri, the mines are pockety, and a 
large, elaborate mill will not pay. For these reasons, the hand jig will be con¬ 
sidered in considerable detail. 

The jig (see J''igs. 3!i<Srt to 300c) consists of a jig box 0 with a screen bottom 




A. JigBing Tank. 

B. Screen. 

C. Connecting Bolts. 

D. Main Lever. 


FIG. 2985.— FLAN. 


f?. Jigging Box. 

H. Lattice. 

I. Counterweight Box. 

J. Slip Joint. 

E. Secondary Lever. K. Adjusting Arcs. 

F. Supporting Posts. O. Auxiliary Connecting Rod. 


B, two connecting rods C, a jigging lever D, and often a secondary lever E, two 
Bupporting posts F, and a jigging tank A filled with water. The jigging tank 
is made of wood. In Mill 2 it is also lined with plate-iron ^ inch thick. The 
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jig box is a horizontal, rectangular frame of boards on edge. The screen is 
placed from 2 to 3 inches above the bottom to destroy the evil effect of side cur¬ 
rents upon the wlmle bed. This space is also used for lattice supports for the 
screen if it is need('d (see Kig. 3!)8c.) When a grating is used as a sieve, how¬ 
ever, no lattice is reijuircd (sec Fig. 300(/.) 

Tlie eoiinecting rods (-' are arrang(‘d with adjusting arcs K to level the screen 
sidewise (see Fig. 2!)tte.) The endwise h'veling is done upon the {)Osts. If 
out of level, the whole bed will work to one side or the other. 'I'he jigging lever 
is made in two ways. Either the pivot is between the point of a])plieation and 
delivery of power, or by using two levers the pivot is virtually at the end of the 




FIG. 299?>.— ^PLAN. 

lever. The first scheme (Fig. 30()a) requires an upward push, the second (Figs. 
298a and 299a) a downward push on the lever to give the downwrard strong 
impulse to the jig hox, which is necessary for effective jigging. The second 
form appears to be easier to work than the first. The long leverage shown in 
Pig. 299a is probably due to the fact that this jig is used in a mill 11,000 feet 
above the sea. The jigging lever is best at the height of the hips, although 
sometimes used up ovet the head of the operator, and his labor is easier and 
more effective if he stands on a spring hoard. 

To make, the downwind movement of the screen more sudden and therefore 
rensoye momentarily ihe screen support from under the ore bed more effectivdy) 
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a slip joint J is used, causing a downward blow to be imparted to the screen. In 
Figs. 298a and .'100a this is a slot in the top of the connecting rods. In Fig. 
299a a coinu'cting rod 0 slides tbrougli the serondary lever E. 

A counter wcdglit may be re(|uired, as in Fig. 298a, to balaiieo the jigging 
levers; this is not needed in Fig. 300a because of the weight of the loaded jig, 
and in Fig. 299a on account of the length of the secondary lever. 

Kittinger speaks of hand jigs suy)port<'d on spring timbers, w'ith the jigging 
lever ofiiitted, the jigging being done by hand directly over the jig. This can be 
done only in a small sized jig box. 

Jj 373. The method of working is to charge up the jig box with ore of proper 
size and dei)th. The coarser the ore, the deeper the whole bed may be, and the 
deeper the whole bed, the greatiw the outjjut, but when too deoj) the separation 
by gravity is hindered. It is jigged with the proper amount of stroke and num- 




Fia. 300a. —S[de ei.evation op hand jig at fig. 300c. —end elevation. 
MILL 2. 



her of strokes per minute (the coarser the ore, the longer the stroke and the 
lass the number per minute), giving a sharp downward motion to the screen 
to release the whole bed from it and so allow the ore particles to settle through 
the water tinder hindered settling conditions. The motion should bo stronger 
with coarse than fine ore. The return movement brings the water back through 
the screen and uses suction to draw down the fine concentrates. Experience 
only will give exact data on the speed, the amount oi throw and the number 
of strokes required for different ores, but a general idea of the adjustments used 
may be gained from Table 268. 

"i^en the jigging is finished, the lever is raised or lowered, as the case may 
be, and fastened to its hitching post L (see Figs. 300a-300c). The screen 
is thereby lifted out of water. The top layer is skimmed off with a short 
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handled hoe and thrown upon its heap. More ore is eharged and tlie operaiioii 
repealed until the eoiieentrates liave aeeumiilaled; llien, alter the lop la\i'r n 
removed, the middle portion is skimmed olF, genei’allv to he returned; tiie hoi- 
tom layer, whieh has aeeurmdated up to 3 or -1 inches deeji, is skimmed oil a-- 
eoiieentrates. The huteli jiroduet wliieh aeeumnlales vertiealiv lieiieath tlie 
screen, is shoveled out when suflieient material has aeeiiimilaleii, and tlii’ fine 
sdudge which settles in the rear jiart of the jiff tank, is taken mil separahdy 
Some of the tanks are made larf'c on purjiose to secure this tine |iidduet and in 
this ease a lawfition eomiiifr up two-thirds of the wav. will keen the eniirse huleh 
out of the fine sludge. The coarse coneentrafes and hiiteh produets are gen- 
iridly treated again on a finishing jig with finer screen and make eoiieentrates 
and hutch ready to ship. The sludge may be rich enough to ship, or it niav 
need huddle treatment to bring it up to the required standard. Where two 
minerals which belong to different markets, for example, galena and blende, 
are concentrated, they may be sejiarated on a finishing jig. 

Where recrushing of middlings is not to be resorted'to, the jig, after several 
times having had tailings .skimmed off from it and new ore 'eharged will be 
skimmed, yielding tailings or top layer, middlings to be retiirned.”ai coarse 
concentrates or bottom layer. The oiijeet of taking these middlings is n onler 
that the concentrates may be freer from qnaiiz and the tailinges freer fi-mn 
ore. It also furnishes a layer on the sieve which prevents gangne"'rrom r.iltling 
down into the hutch while the ne.vt charge is heing put mi. After these mid¬ 
dlings have been returned a few times, making an aeeimnilalion of them the 
attendant will insensibly take off his tailings a little riehei and his eoarse’ion- 
centrates a little poorer. This is his only way of di.sjiosmg of tlie ineliidod 
grains for whieh his plant has no .special provision 
A hydrant with water almost shut off, an overflow )jipe and a little sei > 
tank, may be provided for keeping the water at a emistanf level in tlu' jig , nk” 
or wat'r may he added by a bneket from time to time. One or nn.-e iKPc;^ are 
placed in the side of the jig tank, near the hottmii. one below Die ether for 
drawing off thi- water when it is desired to remove tin sludge. ’ 

5? 37-1. Table S(i8 gives the praetiee in the mills. They all viehl iirodnets 
as follows: (Ij Top layer, whieh is waste except in Mill 3^ Ko. 3 jig, and Mill 
2 when re-treating hutch, in both of which the toji layer is clean blende. (2) 


TABLE 268.—HAND JIGS. 
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Jig Box. 
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Material 
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5-0 
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4-0 
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9.5 





i-OH 

12 

6-*K 

a-4V4 

1-10 

(OM 

({)6.8S 

11-0 
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Eoed, 


Und^^rgize of bot. 
From screen, 
mm. to 0. (g) 
Prom rolli, 19.1 
mm. to 0. (h) 
From No. 1 jfe, 
19.1 mm. too. 

19.7 mm. to 0. (j> 


lever, (d) The sieve ia 8 inches above the bottom, (e) Cast-Iron |?rating. (/) The irrate bars are trianralS* 

U Inch deen. U Inch wide. &ad have the ancT dA«r.«ard iswi?;. util™ 


--jei 
hours, 


The B«cond layer which is returned to the same jig except in Mill 2 on zinc o» 
where it is blende. (3) The bottom layer or coarse concentrates, which are 
aU'finifihed except in the No. 1 and No. 2 jigs of Mill 3 where they are sent’to 





the followirift jig. (4) Hutch products, which in Mill 1 are re-treatcd on the 
same jig, umig an 8-nicsh sieve laid on top of the coarse sieve, and yield top 
layer which is waste, middle layer which is returned, bottom layer and hutch 
which arc both shijcpcd. In Mill 2, when treating galena ore, the hutch is a 
fini.shcd prodiii't, hut on bicude ore the hutch is re-jigged with a galena bot¬ 
tom bed and then yields only galcma in the hutch, the blcuidc remaining up 
in the coarse concent rates. For jigging coarse galena ore (10 throws per min¬ 
ute, for blench' cjre IdO jier minute and for the blende hutch 120 per minute are 
used. In Mill H, the hiilchi's of No. 1 and No. 2 jigs each go to the nc.xt follow- 
ing jig; that of No. 3 jig is tinished galena. The number of throws is 120 
per minute and the time of jigging is four minutes. 

In Mill 13 the jigs here dcscribecl were formerly used, but have since given 
way to power jigs. 

The labor reipiirc'd in all the mills is one man to a jig, which is high com¬ 
pared with machine jigs. The capacity given by Rittinger for his hand jig 
is 3 to 4 cubic feet of ore per hour for each square foot of sieve surface. Fland 
jigs cost about tf-20 each and require little repairs. They can be put together 
aiivwheri' with a saw, a.\e, chisel, auger and a few simple iron pieces. 

in practice, the walls of the jig box may or may not project above the water 
during all parts of the stroke. When it projects above, then suction is equal 
to pulsion, that is to say, just as. much water will go down through the jig 
bed per si okc as rises lip through it. When, however, the box is immersed, 
according •> the amount of immersion, suction will be more or less diminislied, 
leaving ])i sion us much as before and giving a much softer and more open 
whol" bed and one which would complete the separation into layers in much 
shorter time. This is true because of the lift pump action of a jig, referred 
tc by Uopfie'"', which allows the water to rise more easily than to go down 
through a jig bed ; here the water so pumped up flows over the sides when the 
jig is immei -t;d The latter method would be preferable for closely sized ma¬ 
teria], the fornic'r, probably, for mixc'd sizes. 

I’he hand jig is a valuable means of testing the best conditions for treating 
any ore by jigging as it can be varied so easily and the results obtained so 
directly. 

For small hand jigs with either movable or fixed sieves, the reader is referred 
to the subject of testing in Chapter XXI. 

Continuous Movabije Sieve Power Jios. 

§375. All of these jigs have in common a jigging tank, a jigging screen 
and frame, and in most eases some special connecting joint between the tank 
and frame; some mech.inism for giving the sieve its vertical oscillations; a 
feeder for bringing ore at a constant speed; and hydraulic water supplied to 
the hutch. They also have devices for removing the tailings, the; coarse concen¬ 
trates and the liutch product, and for (devating the tailings water, in general 
retuniing it into tlu; hutch of the machine. These devices enable them to have 
a high capacity and a low consumption of water. As generally run they have 
strong suction owing to the fact that most of the water that passes up through 
the bod has to pass down again. 

§ 37fi. Movabi.e Sieve .Tio at Przi«bam.“ —movable sieve jig used at Przi- 
bram (see Figs. 301(i and 3016) has a screen frame of sheet iron sides and ends, 6 
feet long, 1 foot (I inches wide, 8 inches deep, with a horizontal screen and a cross 
partition A 4.13 inches high, dividing it in halves. The screen frame is oscil¬ 
lated up and down by two eccentrics, connecting rods B and cross bars attached 
to it. The eccentrics are capable of giving 2.07 inches throw and less, and 
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make 140 throws per minute. The feeder is a hopper and trough, jerked by 
cam n and spring. The tank has under the two halves of the screen two hop¬ 
pers with front side vertical and with, continuously discharging spigohs F for 
removing the hutch products. Around the frame, u])on the tiink a wooden 
strip and a small angle iron make an appro.xiitialcly tight joint to prevent splash¬ 
ing. The tail G is of sheet iron, curved to allow the waste to pass over into the 
well of a screw elevator, w’hich removes the sand with hut litthi water. The 
water is elevated about 4 inches by a revolving propeller and is sent, probably, 
back into the two hutches. The coarse concentrates are discharged through a 
short, vertical tube C attached to the screen, which slides in a ti.\ed tube D 
below for conducting away the concentrates. A poppet valve over the mouth 
of this tube is opened from time to time to let the conc<'Mtrate.s jiuss out. A 
sheet iron cylinder G inches in diameter and covered by a I-mm. .H'reen is j)laced 
over this poppet valve to prevent the quartz from coming down with the coarse 
concentrates. This cylinder is made adjustable uj) and down. 'I'liis jig is de¬ 
signed for treating sized products from 4 mm. to SJO mm. in diameter. At 



Fia. 301&.' —CROSS SECTION. FIO. 301a. —I,ONCITIjnrNAT. SECTION 


OF MOVAULE SIEVE .710 AT 
TOZIIlUAM. 

Przibram it is used on G-mm. product, with a stroke of 1.24 inches. Tt requires 
8.9 horse power. The tailings discharge continuously, the heads periodically. 

§ 377. The Bradford Eccentric Jiq. —This is a movable sieve power jig, 
and Figs. 302a-302(i illustrate the pattern used for many years in concentrat¬ 
ing hematite at Iron Mountain, Missouri. The jigging box d is of cast iron, 
3 feet 1 inch long, 1 foot 7J inches wide and 1 foot 7 inches deep. The screen 
i is 6 inches below the top at the feed side and ends and inches below the 
top at the tail side; an adjustable slide j, held in place by bolts, enables the 
last to be increased as desired, up to 5 inches. The screen is supported by a 
lattice of three lengthwise bars I resting edgewise upon six crosswise bars m 
all of which are f inch thick, inches high and are cast in one piece in a 
frame which is bolted inside the jig box. 

At the bottom of the jigging box are extension fins p on the sides 8 feet 11 
inches long, 7J inches -wide, iV inch thick, and on the ends 1 foot SJ inches 
long and of the same width and thickness as those on the sides. The jigging 
box, at its lower end. extends into a fixed frame r of |-inch thick east iron. 3 
feqt.3 jpehes long, 1 foot 91 inches wide and 15 inches high, which, as tlx 
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jig box rises and falls, confines Ibe currents and guides the concentrates and 
tailings each to its proper destination. This fixed frame is bolted to the walls 
of the jig tank. The power is applied by a shaft t with fly-wheel u and speed 
cone pulley v, imparting motion to the jigging box by two eccentrics f and con¬ 
necting rods e. The boxes for this shaft are upon cast-iron standards a bolted 



FI'I. 302!l. —LONOITIIOINAI. SECTION. FIG. .'503«.—END SEC¬ 
TION OF BRADFORD 
ECCENTRIC JIG. 



FIG. 3036.—END VIEW OF FIG. 302d. —SIDE SECTION OF 

TANK. -ANK. 


to the jig tank. The jigging box at c runs in its vertical path between adjusta¬ 
ble guides upon the standards. The weight of the jigging box and charge is 
taken up by two helical springs w, one at each end, to even the work of the 
eccentrics. On the tail side is a discharge spout x for discharging the tailings 
outside of the fixed frame. 
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The jig tank s is 9 feet long and 7 feet deep and is f 

boxes. It is built of wood with, two compartiuents 4 feet 0 inthis and J feet 

10 inches wide respectively, the former A for the heads, which pass through the 
screen, and the latter B for the tailings, which overilow at the tailings side and 
pass down through the spout supplied for that purpose. Ihe tailings sid f 
the fixed frame r forms an upward extension to tlie ^lartition y dividing the 
two compartments. The bottoms of the two compartments are hopper-shaped 
and form the boots of the elevators which remove the two products, the heads 
being delivered to a bin and the tailings to a car. i i i. 

The feed to the jig was a sized product and its amount was reguliitMt by a 
corrugated cylindrical feeder run by worm gear. The jigging is done upon a 
bottom bed of coarse ore, and the concentrates pass down throiigh the .'creen, 

while the tailings go over the tail side. The jigging tanks are automaticaliy 

kept full of water. 

In Mill 4 a Bradford jig is used which has hut one hcvc k in a tank (see 
Figs. 303o-303d), for separating limonite from quartz 'I’he general construc¬ 




tion i? the same as that used for the Iron Mountain jig, with the e.xivption that 
automatic rakes are used for removing the ore and the waste up inclined 
troughs a. For this purpose tlie bottom of the jigging tank slojies in two direc¬ 
tions from a dividing partition b. The concentrate.s, pas.sing through Ihe sieve, 
roll down into one trough d while the tailings going over the edge of the jig 
box go into another c. Two rakes e operate, one in the concentrates trough, 
the other in the tailings trough. Each rake handle f is attached to a erank- 
pin g having a radius of 3 feet, and as the crank-pin i.s returning on the under 
part of its path, the rake handle lies upon a guide ])ulley h and holds up the 
rake. When the crank-pin has returned and starts away again, it rises to the 
upper part of its path and the rake descends to withdraw the product in the 
trough. 

No. 1 jig of Mill 4 is fed with stuff which passes through a 1-inch (25.4 
mm.) screen and res^s on a |-inch (12.7 mm.) screen; No. 2 jig, through a 
i-inch'on a Vx‘i“ch (1.56 mm.) screen. No. 1 has a throw of J) inch and 
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makes 188 throws per minute. Both use bottom beds of lump ore on the sieves, 
and yield heads to picking table and tailings to waste. 

S 378. 'I'HJi t!oNKiiiN(i Jio.™—(iSeo Fig. 304.)—This is a circular, movable 
sieve jig which is fed near tlu; circumference and discharged at the center. The 
screen is 3 feet 10 inches in diameter, has a fv-inch (7.9 mm.) hole, and re¬ 
volves 7 times per minute, to give an even distribution of the feed. It is fed 
with dry ore, [ inch (0.35 imn.) to 0 in size and uses a bottom bed consisting 
of ore of the size of hickory nuts. It has 260 pulsations per minute of f indi. 
givpji to it and yields tailings and hutch products only, both of which are taken 
out by elevators. The downward movement of the sieve is rapid; the upward 
is slow. The capacity on magnetite at Lyon Mountain, New York, was 5 tons 
j)er linur and it used 135 gallons of water jier minute, or 1,620 gallons per ton 



1. Bevel-wheel. 

2. Pi 

3. U pright shaft. 

4. ShiH). 
n. Linh. 

6. Bpi)>'i r..llar. 

7. Trniiiii<m.|uece. 

8. T.ower coliar. 

0. (HitsiOe loit. 

10 Flange. 

11. Inside not. 

12. Standard. 

14. Hooi). 


16 Screen-plates. 

IS. Spider. 

19. Key. 

20. tiorie. 

21. Water sleeve. 

22. Water-hex. 

23 Bower elevator-box. 
24. Bower elevator-shaft. 
2.6. Band-ariiia. 

26. (lani-wheel. 

27. 3H-itu'h prdley. 

2H. Pinion-shaft. 

30. l,ever-hp.am. 

45. Splash-rim. 


31. Yokes. 

32. Lever-shaft. 

33. Driving-shaft. 

34. Top elevator-shaft. 

35. 24-inch pulley. 

36. Flange pulleys. 

3S. Spring jKile. 

39. Strap 

40. Bumper. 

41. 3 inch water-pipe. 

42. Itegulating-valve. 

43. Outlet-pipe to tail-rat'e. 

44. Tub. 


of ore treated. One man or boy t( ided two jigs. The feed contained 43.6% 
iron; the concentrates 66.9% iron, and the tailings 22.9% iron. 

§379. Tiii; SciiKANZ Jio. —This is a reetangnlar jig with a screen frame 9 
feet 6 inches long, 3 feet 3 inches wide, divided into seven panels. It has a 
water-tight bellows joint of loath.er or rubber connecting it with a V tank below, 
which is divided into as many h.utches as desired, each with a separate spigot. 
It receives motion from vertical rods which arc driven from rocking eccentrics. 
It is used for jigging slimes and has a bottom bed which decreases in thickness 
toward the tail. “One machine treats 450 kilos of he finest crude ore per hour, 
using 65 liters water per minute, requiring less water (i), but more power than 
a 16-foot slime table, and making cleaner tailings.®'*” 

§ 380. Bilhaez Oblong, Movable Sieve Poweb Jig, used in Freiberg, has 
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an iron screen frame 30 inches long, 13 inches wide at the head, 10 inches wide 
at the tail and 1^ inches lieight of tail. It is made narrower at the tail to 
hasten the work, as most of tta; work is done in the first third of the length. It 
is oscillated by a single eccentric with T rod, driving two forks running in 
guides. The iour icei oi these two forks arc bolted to the screen frame. All 
•round the screen frame is a leather packing to prevent the water from rising 
between it and the tank. The tank is hopper-shaped witli a cross partition for 
.making two hutch jiroducts. Two or more of these jigs arc usually run in 
serie,s. The tail of the jig frame has a spout e.vtending over the edge of the 
tank and conveying the sand and water to the ne.xt jig. This is possible, owing 
to the lift pump action of the jig, which elevates the water above the jigging 
sand to a higher level than that in the tank. There may be an under launder 
conveying the tank overllow. should there be any, to the ne.vt jig. The concen¬ 
trates arc wholly made m the hutch, and screens and bottom beds are used to 
suit these condition.s. Tlie spigots have goose-necks or rising discharges. It 
has 230 pulsations per minute of mm. each, and is designed for treating sand. 
Three spitz hi I ten, two jigs and two Itilharz tables, treat 3 tons in 10 hours; 
the jigs treat 1 ton each ; the tables I ton each. 

Till! Bii.iiAiiz Ciiici'i.AE SiKvu I’owEE J10.—This machine has an annular 
moving jig frame divided into si.v sectors, 2.2 m. outer diameter and 0.074 m. 
inner diameter. It receives inilsations from a central eccentric rod through 
levers. 'I’lie feed is distributed at the outer rim; the tailings are discharged 
inward in a central pipe; and the hutches, which arc separate for each com¬ 
partment, are discharged through rising goose-necks around the circle. With 
200 to 220 pulsations per minute of 5 to 6 mm., it treats in one hour 30 cubic 
meters of pulj), containing 1,200 kilos of dry, solid material. 

§ 381. Tun lioBiNSON Jig is a movable sieve jig in which the liead end pul¬ 
sates the most and the tail end the least. This movement is obtained by pivot¬ 
ing the tail end to the tank and oscillating the head end by means of a crank. 
The tank is 12 feet long, 0 feet wide and 6 feet deep. The sieve is 10 feet long 
with grate bars e.vtending the whole length. Above the sieve are cross dams 4 
inches high to keep the bottom bed in place. It jigs through (ho sieve inlo the 
hutch and also has side discbarge.s to prevent the bottom bed from getting too 
deep, which discharge coarse concentrates into the hutch. It has 80 pulsations 
per minute and requires .bOO pounds of material for the bottom bed. 'J’he water 
reaches 1 foot above the sieve. In Southern Missouri, where both are used, it 
saves 10% more than a hand jig on unsized zinc-lead ores. The tailings pass 
over the tail board and are removed by an elevator. 

§ 382. The Hancock Vanning Jig,’”” used at Broken Hill, New South 
Wales, and in other parts of Australia, has a jig box 8 (see Figs. 305a-305c) 
about 2.5X20 feet inside dimensions, with tail board about 4 inches high. 
This jig box is suspended in the jigging tank by four T-bolts and two cross 
bars J. The cross bars extend horizontally beyond the sides of the jigging 
tank and are supported upon four vertical connecting rods D. These receive, 
at their lower ends, an up and down motion from four short levers (7 which are 
moved by the earn wheel A through the long weighted levers B. A hand wheel 
n raises or lowers the stop F and controls the amount of the motion. There 
are also two links K, ono on each end of the head cross bar which connect the 
latter to the sides of the jig tank and thereby maintain the stability of the jig 
box. • The points of connection of the links to the jig tank are made adjustable 
by means of a slot. This serves to vary the direction of motion of the sieve 
to any desired degree from about 35° to about 70° with the horizontal. The 
position commonly used causes the jig box to move on a slope of about 45° and 
thereby gives a vanning motion to the sieve and compels the material under- 



going concentration to travel toward the tail end of the sieve. Water is sup¬ 
plied in the hutch as shown and the concentrates pass through the sieve and 
fall into conipartnients in the hutch from which they are drawn off as desired, 
while the tailings pass over the end of the sieve into a special compartment. 

At the Moonta mines where most of the rock is crushed through a sieve with 
twenty holes to the square inch, one of these jigs treats as much as 176 tons per 
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day (probably 24 hours), and requires about two horse power. The feed con¬ 
tains 2 to Aic copper and the concentrates 19 to 20% copper. In other places, 
the capacity varies from 140 to 210 tons in 24 hours. 

Hooper’s Vanning Jig, used in this country to treat garnet, is a movable 
sieve jig which has the tail end of its jig box suspended from a pivot by a ver- 
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tical rod with rigid eonneotion to the box and of adjustable length. The In id 
end is given an a|ipro.\iinatcly n]i and down inolion by a vertnal eonneeti ig 
rod loading 1o an eceentne wbilo the lail end has a niolion very neai'lv bnri/.oni il. 
In one ease the lengibs of (be snspending rod.s at (be lail end and ^'l llie eoniic t- 
ing rods at the head end arc 1 inches and (idj inctn'.^ opeci i\cly. 'I he jig l. ix 
is 2-1 inches wide and fid.r) inebes long. The sieve does iml evleini all I he vv ly 
to the tail end, however, but is replaced by a solid liottoin for tin' hisl l■l..'■| iiieb s. 
The, sieve has a slope uji toward the bead end wliieli is adjiislahle hid averages 
about 2.5°. The depth of material on the sieve varies from I..a to .'{ iiielns. 
The throw of the eceentrie varies from J inch to 1 iiieli. The jig is foil at the 
middle and the vanning motion is sneli that the eoaise eoneenliaies work up lo 
the head end and pass over aiitoinatieally in case id' an easily eoiieeiilrating ore, 
otherwise they are skimmed off; the eomentrales vvliieli jiass ihrongli the sieve 
into (he Initeh are lifted out by a bucket elevator; the tailings overflow con- 
tinuonsly at the lower end of the sieve. 

This jig is adapted to different jigging problems on stuff between j inch and 
30 mesh. Its capacity ranges from 5 tons per 21 hours on the finer material 
to 7 tong on the coarser. 

Intekmittent, Movable Sieve, Povvek Jigs. 

8 383. Thc.se differ from the continuous, movable sieve jigs in that feed¬ 
ers, the hydraulic water, the discharges for coarse eoiieenlrates, hull in - and 
tailings, are all left out. They are practically hand jigs adapted In powir. 

Mill 12 has as No. 1 jigs four movable sieve, (lornish jigs, vvhieli are much 
like the hand jig in Fig,«. SOOn-SOOd excejit (bat they are driven In power. The 
jigging box is 22 inches wide, 46 inches long, 7 inches deep above the screen and 
3 inches below it. It is made of 1-inch boards and has a .'i-nnsh screen in it. 
The jigging lever has a long arm of 4 feet 2 inches and a short arm of ID iin lies. 
The long arm is driven by an eccentric with a throw of 5 inebes; sriving I'' jig 
a throw of 1 inch. 'Pbe lank is 30 inches wide, 51 inebes long and 1 feet .'-'ep. 
Its feed is from 2 mesh downward. Ore is shoveled into Ibe ,|iggi "g hov until 
it is 8 inches deep; then the jigging box is connected with powe; and allowed to 
jig for 6 miniite.s. Next, the lever is disconnected with the jiovver; the sieve 
is lifted out of the water and held there by a hiteliirig post. Tlie skimming 
by hand yields top skimmings which arc waste, middlings which are returned, 
coarse concentrates which go to the smelter, and Ibe hutch wbieh is allowed to 
accumulale until it is finally .'hoveled to No. 2 jigs. There are two No. 2 jigs 
and nine No. 3 jigs similar to the No. 1 jigs. 

At the Hartman mine, Friedensville, I’cnmsylvania, the jig is .similar to (hat 
in Mid 12, but its method of working is as follows: Starting with a bed of 
coarse tailings 1 inch thick from the previous skimming, a layer 2 inches thick 
of ore to be concentrated is fed. After jigging for five minutes, another layer 
of 2 inches i.s added and the jigging repeated, after wbieh the jig is lifted out 
of water and the top layer of limestone tailings i,s skimmed off. This is re¬ 
peated until the box is half full of coarse concentrates, when Ibe top layer of 
limc-stone skimmings is scraped to one end, the coneent’ates removed, the skim¬ 
mings being thrown back in the place of the coneentrales, the other half of the 
eoneentrates shoveled out, the limestone bed spread evenly and work resumed. 
The coarse limestone bed prevents the new charge at the start from falling 
through the screen wilhout being enriched. 

At the SaucoD mine at Friedensville, Pennsylvania, a similar jig is raised 
by a cam and dropped by its own weight. It has an automatic bell discharge 
for coarse concentrates, which makes the machine more nearly a continuous 
machine. 
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§ 384 

Rittiiigcr flescriben a similar jig’, raised by a cam and forced down by a spring. 
For llie capacity of it he gives the rule that every square foot of sieve surface 
will treat 3 to 4 cubic feet of ore per hour. He further says that one man can 
attend to two jig.s. 


Fixed Sieve Jiqs. 

§ ."ISt. In these iiiachincs the screen is stationary and the wafer is forced to 
rise and fall through it by the action of a piston or plunger which is generally 
placed in an adjacent conipmrtment connected with the hutch or space below 
the screen. These machines arc almost always driven by power and are the 
forms in general use to-day. There arc two classes of these jigs: (1) The Harz 
type, where the plunger rw'eives its up and down motion from an eccentric re¬ 
volving at uniform rate. (<i) The accelerated jigs, in which some, form of 
mechanism is adopted to give the plunger more rapid motion during pulsion 
than during suction. The term Harz jig has been used loosely in the literature 
of the subject. The author has, therefore, adopted the above definition which 
is the one commonly accepted in the United States. 

§ 385. The Hahz Tvpe of Jios. —This machine has found far more favor 
than any otle r jigging machine. It is used successfully for coarse and fine 
ores, for higher and lower specific gravity minerals. By it two, three and even 
four mineral separations can be made. 

It consists of a jigging tank with vortical longitudinal partition, on one side 
of which is the screen upon which the ore rests; on the other side is the plunger 
for crea' ng the currents. As the jiartition does not reach the bottom, there is 
free pa age for the water from the plunger to the sieve eompartment and 
return. 'I’he jig may have one or more jigging conqiarlmcnts, each with its 
OH 11 sieve and ])lunger, separated by cross partitions; two, three and four are 
the most (.ommon number of these compartmeuts, although as many as seven 
have been used in Southwest Missouri. 

^I’ne lla jigs usi'd in Mill 37 are shown in Figs. 30(>u, 30f>6 and 306c. 
These are the f-sieve jigs used in that mill for medium and fine work. For 
coarser work, jigs with two sieves are used (see Fig. 307), ivhich are con.structed 
just like the first half of the 4-sieve jigs.* Each sieve compartment A is 34^ 
inches long ami jO-J inches wide, net sizi* inside the lining I , and the plunger 
compartments B a^'c 3-1-^ inches long and 14^ inches wide, net size. Beneath 
every sieve and piunger is a liop])er (* which serves for ('onnecting the two and 
also for colleclii'.g and discharging the hutch product. For convenience, the 
apex of the hoiqier is brought nearly to the front side of the jig. Near the 
apex of each liop]i(‘r is a spigot which consists of a round hole 1) 2 inches in 
diameter passing tlirmigli the plank and through an outside plate. This hole 
has a plate cover E oulside, which, sliding around a pivot, serves to shut off or 
regulate the flow. T-"lween each si wo and plunger compartment is a con¬ 
tinuous longitudinal )iartition F which extends down 12, 11, 10 and 9 inches 
respectivclv b low tlu' sieves N and serves to distribute the pulsion from the 
plunger I evenly over the sieve. The ends, sides, bottom and partitions are 
all built of 21-inch planks. 

Two jigs arc placed back to back and their tanks are supported and bound 
bv timber frames of which lliere arc three sets on the 3-eompartment jig and 
five on the 4-compartment. Each set consists of a sill G, two outside posts H, 
a center post I and a cap J. I'he caps serve as suf ports for the driving mech¬ 
anism and while the posts likewise serve this purpose, they are also made to 
do the important duty of huckstaves by t wo |-inch tie rod s K for each set. 

• I^ter reports state that these 2-8leve H*n8 jigs are not now used. 




FIG. 306a.-LOXGITUDIXAL SECTION OF THE 4-COjrPARTJIEXT DOUBLE HARZ JIG AT MILL 37. 
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The screen frame is built of 2'Xl-ineh strips L on edge, with cross bars M 
J inch thick. The screen N is tacked to the top of this and the whole thing 
rests upon a ledge or lining 0 of J-ineh boards extending all around the com¬ 
partment. It is held down by i|-inch board linings or cl('at.s V above. This 
arrangement makes the surface of the wall of the compartments nearly continu¬ 
ous without obst ructions. Between each sieve and the one following is a 
cross partition or tail board ll 4 inches above the sieve. I'he top of the parti¬ 
tion slopes downward toward the following sieve, which is placed 1 incfi lower. 
The slope is such that the ore is delivered on a sieve at the same level as it 
leaves it. Before the first sieve is a dead box S Ki inebes deep and 8 inches 
wide, which serves to deliver the feed quietly to the whole width of the sieve 
through a slit 3 inches high and li inches above the bottom. A gap is cat at 
the tail end of the last sieve and a spout T put on for carrying away the tailings 
from the whole width of the sieve. 

The plungers V tit loosely in their compartments and arc made, of five thick¬ 
nesses of ^-inch board. The second and fourth layers have their grains at !)0° 
with that of the others. They are also inch smaller in length and width to 
form the water packing. The plunger (mmpartment is lined with J-inc.h boards 
V to take up the wear. 'I'o confine the swash it has a cover 11' of 1-iiieh board 
with a hole in the center for the plunger and one at the side for the hydraulic 
water piyie. The top of the plunger is 3 inches Indow that of the sieve vvlum at 
the middle of its stroke. A reciprocating motion is given to each ydungcr from 
an eccentric X through a IJ-incn eccentric rod f. The yilunger is attached to 
the rod by means of a shoulder and washer a above and lock nuts and a washer 
b below. The eccentrics are adjustable to give any throw from 0 to 2 inches 
and are all placed upon the same shaft, so as to pulsate appi'oximately together. 
Details of the eccentriea are given in Figs. 30fl(Z-30t>;y. Tlu- shaft d is 2^ 
inches in diameter and is supplied with a tight and a loose pulley e, each 24 
inches diameter and 43 inches face. There are also five bo.xes f, one on each 
of the frames and there are two collars g for guiding the shaft. 

The hydraulic water is put in on top of the plungers and is distributed to each 
compartment from a trough h running the wholo length of the jig on the longi¬ 
tudinal partition, in the bottom of which arc nipples t of l]-inch pipe covered 
by sliding gates h for regulating the quantity. 

Thn discharge for coarse concentrates consists of an iron pen I which acts 
as a gate for'them to pass under and a pipe m which acts as a dam for them to 
pass over. The pipe may he slid into the wall of the jig, then>by adjusting the 
height of its inlet end. The details of the diseharge arc given in Figs. 30G/i 
and 306t. 

§ 38(1. Tke Coi.LOM Jio.— (See Figs. 308fl-308e.)—This is an accelerated jig, 
formerly made of wood, but now generally made of east iron. As made by 
Charles J. llodge, the iron jig tank, J inch thick, is rectangular above with two 
hoppers AA below. In each hopper, the side B next to the plunger slopes 43°, 
the other three sides slope 50°, down to a base 4 inches .square. The upper 
part of the tank j.s divided by two longitudinal partitions (!(] of ;;-inch iron 
into throe nearly equal parts; the two outside ones are for the two sieves, each 
24X3(1 inches, while the center part is again divided by a cross partition D of, 
iron into two parts, each 22X173 inche.s, for the two plungers. Each sieve 
has its own plunger and the bottom of each plunger compartment is closed 
by a-horizontal partition covering about 3 of its area; the remaining J, which 
is 93 x 103 inches, is left open to convey out the impulse to its sieve. This 
restricted opening is for the purpose of distributing the pulsion to the more 
distant parts of "the .sieve. The hydraulic water Js introduced into the hutch 
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be noticed tliat the plunger for one sieve is adjacent to the head half of the 
sieve, and for the other, to the tail half. In consequence of this arrangement, 
the two sieves are called head plung(‘r sieve and tail plunger sieve respectively. 

The plunger movement consists of a vertical rod F attached to the plunger 
P, running in upper and lower guides GG. A helical spring U, in state of 
compression, rests on the lower guide .and presses upward against a collar I 
on the rod by which it lifts the plunger during suction. This collar, by strik¬ 
ing the up])er guide, limits the upward journey of the plunger. At the to]) of 
the rod, a caj) K and a lock nut are placi'd and ujjon the cap a rubber butfer 
which take^ llie blows of the hammer. These blows give the iinlsion to the 
sieve. The two heavy hammers LL are at tlic ends of the arms of a double 
oscillating bell crank. The amount of the blow and, therefore, of the pulsion, 
can be varied by raising or lowering the cap. W'ashcrs may be pul beneath or 



above the spring to incrc'ase its cora])ression in case a quicker movement during 
suction is desired. The lower guide is sometimes made adjustable for this same 
purpose. The oscillating bell crank i.s driven by a shaft with tight and loose 
pulleys, fly-wheel, crank and connecting rod. For mo.st places in the mill, two 
or three jigging tanks are connected by aprons (see Fig. 30h). Power is trans¬ 
mitted from the bell crank of the first by connecting rod to that of the second, 
and in the same way from the second to the third. The sieves on each side act 
together in tandem' connection, the second re-treating the tailings of the first 
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and the third of the second. The two sides arc, therefore, in effect two sepa¬ 
rate jigs with two or three eoinpartnients, and may be treating two separate 
products, each with its own special adjustments. The author has treated them 
as such in every ease. 

The (‘ccentrieity of the crank (see Fig. 308i), is IJ inches; the length of 
the vertical and horizontal arms of the bell crank arc inches and 9^ inches 
respectively, giving the total movement of the hammer to be Sl.TU inches. 'The 
plunger throw us(!d in the mills ranges from | inch to inch. The hammer, 
therefore, strikes its blow when very near the end id' its stroke, but its motion 
is sutlieicntly rapid to give a quick, sharp down stroke to the plunger, and since 



the spring returns the plunger slowly, it is an accelerated jig. On account qf 
the difficulty of lifting a heavy jigging bed, the tail boards of this jig are set- 
low. They vary in the mills from 3 to inches in height. 

The advantages of the Gollora jig arc: (1) It is an accelerated jig, reducing 
the speed during suction, preventing the blinding of the sieve and the forma¬ 
tion of hard banks. This probably actually diminishes suction, owing to the 
leak of the plunger and the inflow of the hydraulic water beneath the sieve. 
(8) The throw canffie adjusted in a moment while the jig is at work, placing 
thifl;^mong the frequently used adjustments. (3) The whole machine is open 
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and free from obstraetions and very handy to work. These advantages are 
obtained by a sacrifiee of plunger area and by a restriction of the opening be¬ 
tween the plunger and sieve compartments. 

In Mill 35 Collom and Harz jigs have been run side by side and the follow¬ 
ing opinions arc given a.s a result: The Uollom jig uses more water than the 
Harz and has less capacity, four Harz jigs being thought to do the work of 
eight C’olloms. The Collom jig has a higher running cost, owing to springs 
which have to bo frequently replaced. 

At Lake Superior the roughing jigs probably do quite as much work as would 
a Harz jig if similarly placed, while the fine finishing jigs do less than any Harz 
known to the author, but tlicrc are no Harz jigs doing that class of work with 
which to make a fair comparison. 

The use of the Collom jig is restricted to certain localities. It is used in 
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Mill 35 and at Broken llili, Australia, upon silver lead ores, in Mill 48 upon 
copper silver ores, and in Mills 44, 45, 4fi, 47 and 48 upon native copper. 
While it is standard in all these mills except 35, its use does not seem to be on 
the increase. In fact there is a tendency even at Lake iSuperinr in working the 
coarse material lo de.sign now jigs which shall have the advantage of the Col- 
lom, but have the more positive motion of the Harz jig, while on the finer 
material they are being driven out in many cases by tables of the M^ilfley type. 

§ 387. MoDiFirATiONS of titr Collom Jig. —In Mill 13 tbe Collom jig is 
ased as a single compartment jig, that is, two sieves arc mounted in one tank, 
side by side, and the tailings are waste after passing over one sieve. The tail 
board is 5 inches high and the machines are jigging; grains up to J inch in 
diameter, all of the concentrates going into the hutch. Owdpg to the extraor¬ 
dinarily heavy work, tbe common helical springs of steel or brass gave great 
trouble, breaking at times as many as aix per day on eight sieves. A flat steel 
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§ 386 

epring (spe Figs. 310a and 310J), invented by A. P. Dudley, has been adopted, 
which last.s six months. This is a flat steel spring with both ends forked and 
the two ends placed under the lock nuts of tlie two plungers. The spring rests 
on a fuJerum at A midway between the plungers. At A the width of the spring 
is 2| inehes, while the thickness for heavy work is g- inch and for light work, 
i inch. At B the width and thicknes.q are IJ and ;} inehes respectively. It 
will be seen tliat the blow of the hammer upon one plunger rod causes the spring 
to react and lift the other. This modifies the return velocity of the ])lungor 
by causing the repose at the lowest point jjerbaps to be slightly longer and the 
return to be at a higher speed. 

In Mill 13 the expense of the springs suggested the following eexperiment: 
One collar was attached by a set screw to the neck of the hammer; a second in 
the same manner to the plunger rod; a connecting rod with pin joints connected 
these two collars'to each other. This device caused the plunger to rise with 
the hammer and did away with the spring and with the accelerated and retarded 
motion of the Collom jig, making it virtually a llarz movement. 'J’his arrange¬ 
ment not only saxed the cost of springs, but it caused the jigs to do better work. 

The I’lvans jig, used in Mill 38, is a Collom jig xvhich has been modified so 
as to get a rectilinear motion (llarz type), (see Fig. 311), consisting of an 
adjustable eccentric A, a friction ring B, two horizontal cross bars C, one 
above and one below, with sliding bearings, two plunger rods 1) held to the 
cros.<? bars by lock nuts E and running in four guides E, and held to the 
plunger B by nuts G above and below. The shaft S runs across above the center 
of the two plungers and dfive.s them both in opposite phases of the movement. 

The jigging tank is divided by longitudinal partitions into halves below, and 
into four parts above. The under parts consist of two hoppers leading to the 
spigots. The upper divisions consist of two .sieve compartments outside and 
two plunger compartments inside; the latter are half the width of the former, 
but are of the same length. It will be seen, therefore, that, unlike the Collom 
jig, the sieve receives symmetrical action of the plunger throughout its entire 
length. 

Charles J. Hodge, of Lake Superior, has designed two jigs, both of which 
have much the same arrangement of sicxe and plunger compartments as the 
Evans jig; one form has the llarz jdungcr motion; the other has a positive aocel- 
erated and retarded molion obtained by the disc transmission (sec ,^410). 

§ 388. The Pai:son8 and Pismsu Jig. —(See Figs. 312«-312(/.)—This in 
effect belongs to the Harz type. It is mounted in ])airs of two jigs with two 
sieves each, four sieves in all, in one tank. The net jigging size of the sieves is 
22X37 inehes. The plungers an> arranged to do away with tlu; jilunger com¬ 
partments by placing a plunger for each jig in the vertical partition between its 
two sieves. This plunger is circular and executes its reci])rocating motion in 
a short cast iron cylinder, 15| inehes in diameter and 4 inches long, built into 
the partition. It is driven by a horizontal piston rod coming in through, a 
stufling box in tbe head end of the hutch of the first sieve, connected to an eccen¬ 
tric through a cross head and connecting rod. The pisfons of the two jigs are 
driven from fhe same shaft by one pulley and belt. The piston is of wood 1 
inch thick, made tight by a steel spring packing ring and iron followers. On 
its forward moiion it gives pulsion to the second sieve and suction to the first; 
on its Tcdurn motion the effects on the two sieves are reversed. The hydraulic 
water is admitted into both hutches and not into one only as shown in Fig. 313c. 

This jig is used as the No. 4 jig in Mill 24 and as the No. 1 jig in Mill 35. 
In the latter case it has two spigots in each hutch. One is ^ inch in diameter 
and flows continuously. The other is 1 inch in diameter and is drawn down 
occasionally to let out the ore that has collected. In this mill the jig is fed 
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with unsized product passing through a 6-mni. round hole and treats 10 tons 
per 24 hours, using a sieve with lioit's 2.8X,t.O juiii. It uses in the hutches 
of a single jig 25,000 gallons of water in 24 hours, and for feed water, 23,000 
to 26,000 gallons. 

The advantage of this jig is its economy of space, and it is probably the 
handiest jig on the whole list to work around. The disadvantages arc the 
troublesome wear of the piston and stuffing box, both of which have to work in 
gritty water, and the inaccessibility of the jiiston. 

§ 389. McLanauan’s Jig has no acceleration. It is a single sieve jig for 
jigging iron ore. As shown in Fig. 313, it has a circular, tight iitting plungcrA 
at the head end of the sieve instead of at the side. The lattice bars B support¬ 
ing the sieve are given a slope upward toward the tail of the sieve, which causes 
the pulsion water to convey forward the ore at the same time that it lifts it. 
The concentrates pass out at the tail end through two gate and dam discharges 
to a compartment below, from which they are drawn periodically by a gate. 
The tailing.^ flow with the water direct to another compartment below from 
which thev are withdrawn by a bucket elevator, while the water flows around 
the side of the jig to the head end and is there drawn into the hutch through a 



FIG. 313.— LONGITUDINAL VEHTICAL SECTION OF MCI.ANAUAN’s .TUI AND TANK. 

check valve V by the suction of thi' ])lunger. It i.s, therefore, a true pulsion 
jig. Four sieves are generally mounted in one lank. 

§ 390. CiECDLAB Jigs. —The Billiarz circular plunger jig use.s direct eccentric 
motion. It is designed for slimes. This has a circular jigging tank with an 
annular sieve 2.35 m. outside diameter and a central plunger 0.880 in. in diame¬ 
ter, and makes 180 strokes per minute. The hutch is cylindrical outside, while 
in its center is a truncated cone whose lower base is equal to the base of the 
cylinder. The ore is fed by a central distributor all around the inner circum¬ 
ference of the sieve, and tailings discharge around the outer circumference. It 
treats 12 to 14 tons (dry weight) of s'ime in 10 hours. The advantage of this 
form of jig is its compactness. The disadvantage is that a .series of sieves for 
making a series of products is impossible. It docs not seem to have found 
favor either in this country or in Europe. 

R. Hunt” desciibes a form similar to the Bilharz, which he calls a slime or 
huddle jig. The outer diameter of its sieve is 9 feet, and of its plunger 3 feet. 
It has a sieve with l^-mm. holes, and its bottom bed consists of |-inch stuff, 
inches deep. For slinse, with scarcely a sandy feel, the piston stroke should be 
about i in ch and the number not less than 300 per minute. Its capacity is 
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nearly double that of a round huddle 35 feet in diameter and its tailings are 
cleaner. It uses 18 gallons of clear water per minute. 

A circular jig was used, as jigs No. G and No. 7, in Mill 43, for re-treating 
tailings of the coarser classifier jigs; it, however, has been replaced by Collom 

jigs- 

§ 391. The Baum Jig.— (See Fig. 314.)—This is an accelerated jig, used for 
coal. It has plunger eonipartment A and sieve compartment B, but substitutes for 
the [ilunger the action of compressed air directly upon the surface of the water. 
The return of the water is by gravity. This gives a pulsion of the desired 
strength with little or no suc¬ 
tion. The admission and ex¬ 
haust of compressed air is by 
a piston valve a operated by an 
eccentric. Tiie valve is spe¬ 
cially desigiK'd to give full 
opening during pulsion and an 
instant of closure between the 
close of admission and the 
opening of exhaust, during 
which the air can expand. The 
number of strokes per minute 
varies from 51) to 75 for coarse 
coal and 75 to 100 for fine. 

The air jiressim’ is 40 to 50 
pounds ])er si|uare inch. 

Its advantages are that the 
rise of water is accelerated 
during the whole stroke, and 
the amount of suction is small; 
its disadvantages are that the 
jig rcipii-.es both pipes and 
shafts for its power connec¬ 
tions, and the shw speed would 
be against it for use on ore in 
American mills. 

§ 303. Fiwnoou Jig. —This 
is an accelerated, steam jig 
which, instead of using an ec¬ 
centric, has a nicely fitted pis¬ 
ton and cylinder to impart the 
motion to the water, and the 
piston rod connects din’ctly with a steam piston and cylinder above, which lifts 
the jigging jiiston,^ and allows it to fall by gravity. Additional weights are 
added as need- d. The claim is constant pressure, so that if the jig bed is tight 
there is less action; if loose, more action. The author doubts the wisdom of 
this depiarture from the yiositive action of an eccentric, as the cost of running 
little engines distributed about a mill, is not an economical use of power. 

Hand Jigs with Fixed Sieves.— A fixed sieve jig run by hand has been 
tried in France for washing coal. Small testing jigs with fixed sieves and 
driven by hand, are used to some extent in this country and are described 
under Testing in Chapter XXI. 

§393. The Utsch Jig is an accelerated, multi-sieve jig, each sieve having 
its own side plunger. The sieves each elope a little in the direction of motion 
of the ore and there is a slight drop from one to the next. Instead of having 
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the lightest portion pass from an earlier to a later sieve over a tail board, the 
heavier grains pass on beneatli a gate. Tlie jig is therefore ix'-treating tile 
heavier product at eacii snecessivr compartment, instead of the iigliter, a.- is 
usual witli jigs, 'i’lie successive lop layers are removed by devices working on 
the principle of tin' gale and dam discharge (sec §4112), so arranged that Ihe 
first shall take the lightest and the last the heaviest grains, and the others graded 
between. 'J’hc machine is described as being tried at Amineherg. Sweden, in 
competition with a Harz jig, and the latter proved slightly inore advantageous, 
owing to its easier repairs and higher capacity. It is mentioned here simply 
to iilnsirate the prineijile. 

§;3i)l. r.NDiili-l'i.sTuN duis.—In these jigs the whole bed is moved only dur¬ 
ing ]nilsion. 'i'he.se have a horizontal piston beneath the sieve oscillating mt- 
tically. Either the hydraulic waf(>r is ailmitieil beneath the jiision and pas-es 
up through check-valves in the jiiston, tlierehv cutting down suction, an instance 
of which IS the maehinc described by llitlinger, or the hydraulic water is ad¬ 
mitted above the piston and the latter has no check-valves; of this the Die.sehcr 
coal jig is an instance used at. the jire.-ent day in this country. In both eases, 
the piston is constructed with a few small holes, so that any material that passc's 
through Urn sieve can pas.s down through the pi-slon continually or he drawn 
douj] intormitleutly. Thus form of jig guarantees an even pulsion all over the 
sj'ere and it is compact, hut the plunger is not easily accessible. 

Eittingor's jigging pumi) (setzpiuiipcj is an under-piston jig having a tight 
fitting piston -with valves in it to let water up through, and valves below to pre¬ 
vent ahaehward ilow, thereby making it a pulsion jig with no sueiiou whatever. 

jf395. Tun Siwios Skpauatou illehcruiisrhi’), used u; MeehernicU, is a 
cof/tj'nvoiJS! hindered settling viu-ber. As shown in Vigs. (hi,- aji- 

p&ratus resembles the deep pocket cltissiflcrs in having dwp pii^ for coiKciitra- 
tion placed in the bottom of a conveying trough. It dilfers from (ho-e e/a.-si- 
fiers in having vertical sides to the pocket, in having (he pockei and tin sorting 
co'umn one and the same, in having a restricted inlernnttenl di-' barge from the 
spigot, and finally, as a lesnlt of all these, and a more eonspicimus dilTereuee 
than all the rest,”namcly, in having the whole poeket filled with sand which is 
being sorted under hindered settling conditions, by a continuou.- u])W3rd cur¬ 
rent distributed over its whole area. 

The apparatus is a tank made of boiler iron attached beneath, and by the 
side of the conveying trough G. The tank has two main eompartnients: B, 
the pocket, and E the water reservoir. At the bottom of the poeket jS is a 
screen, bb, made as a flat hopper for admitting water from E to E and for 
preventing the .‘Jand in the poeket from finding its way into E. At the ajiex of 
this hopper-shaped sieve is a pipe (/, venting into a launder r, with a plug p, to 
clear it out if it becomes clogged. This pipe g, has a plug v, wliich closes or 
opens it for the passage of sand or water. The hydraulic water is fed in 
through the cock o, into the small compartment A of the tank, tlie plunger 
stream being broken by the screen u; thence it flows up through B, doing the 
work of sorting. When the accumulation of heavy ore upon the sieve b, be¬ 
comes so great as to hinder this current, the float S, in the little compartment 0, 
rises and operates the lever h, on the pivot i, opening the plug v, by the rod dv,' 
and thereby discharging the accumulation of concentrates. This act loosens 
the sand bed in B, relieves the pressure in E, allows the float 6', and the plug v, 
to return to their places and the period of accumulation to start again. The 
two adjustments are the hydraulic water a, whicli regulates the amount of 
sorting, and the rod f of the, float i.*?, which causes the float to be lifted by little 
or much accuinulaticdi of concentrates, as may be desired. The apparatus may 
haveaine, two or three pockets, as desired. 



jiaa. 


521 


g 395 

An iiiipsiratus with three pockets, all of the size indicated in the figure, treats 
at Mcchcrnich stulI from 5 mm. diameter dowiiw'urd, at the rate of 8 to 9 


a 





Mnilmotcrs. 

i t t r 

100 0 600 


cubic meters per hour (dry measure), or about 17 to 20 tons, and yields first 
spigot, galena nodules for stamps; second and third spigots to another washer, 









m 


OBB DBBaamo. 


§ 396. 

and overflow to pointed boxes. The water used is 45 cubic meters per hour. 
In the washing and rc-washing at these works, tliere are 124 of these used. 

It has remarkably high capacity and low cost, and on material free from in¬ 
cluded grains, does work equal to a pulsion jig, that is to say, a jig whicli has 
no suction. It has not yet found its way into mills in the United States, but 
the position of the intermediary jig would be a natural place in which to try it. 

(jENEIlAl. CONSIDKRATION.S OF .IlOS. 

The jigs just described represent leading types of good modern practice, to¬ 
gether with others which are inserted simply to illustrate principles. Consider¬ 
able variation is found in certain of the details and the engineer will welcome 
the op])ortunity to select from these. To meet this demand, the following re¬ 
marks are made. 

§ 3i)(i. Fhamfs.— Wooden frames are generally used on the Ilarz, the slid¬ 
ing block and the crank arm jigs (see § 4(W and § 409), to hind the jig tank 
together and to sui)port the me<dianism. 'J’here. is one more set than there are 
sieve.s of the jigs. Each set consists of a cap, two posts, or threi^ posts where 
two jigs are framed together hack to battk, and a sill, all notched uu<i bolted 
together and further Btreiigthuiied by horizontal tie rods. The dimensions of 
these ])ieees in some of the mills are shown in Table 2()i). 


TAHI.K 2f)9.—FUAMUS AND TIH UOlW. 



Diampt r 
of Tie Kods. 


InciteH. 



(rt) This jig has also a 2x1 inch post at eitiior end of its lonKituduiuJ parUtlon etnineeted hy two tie rotls 
^ inch in diameter. (6) In this mill two Jigs are framed together so that euoh set has a third post, 8*^x5^ 
Inches (WiO Ki(;s. 806((-806(’). l.o) The posts are very solidly mortised and bulled to the cap and sill, so that do 
tie l^lts are used. 


Cast-iron frames are sometimes in part substilnled for wooden frames by 
putting iron standards upon all the cross partitions and on the two ends. They 
are bolted at llie ends down to the sills below, and S('rve to support the eneenlric 
shaft. While these are neater to look at, and make the sieves more open and 
easy to approach, they do not furnish buekslaves for the tank. Tliis deficiency 
is in part made up by several tie rods running through the cross partitions from 
side to side. The planks of the tank are, too thin to support properly the stand¬ 
ards. The, author, how'ever, is unable to quote a single iiistaiiec of this being 
used on a Harz jig, although it has been noticed in a few instances on accelerated 
jigs. 

§ 397. Matekials foe Jig Tanks. —Wood is the usual material. Soft wood 
is more commonly used than hard. It is generally put together with tongue 
and groove joints and is held together and supported by the frame. The thick¬ 
ness of planks used in most cases is 2^ or 3 inches; sometimes as low as 2 inches, 
or even less is found, but it is not to be recommended except for light work.' 
The Cooley jig used in Sonthwp.st Missouri and in Mill 92, is built up of 2X4- 
inch soft pine planks spiked flat one upon the other, and dovetailed at the 
.comers and partition,joints. 

Cast iron jig tanks for the Collom jigs (see Pigs. 308a-308c), are used in 
Mill8%4, 47 and 48. Charles J. Hodge’s new jig and the Perraris jig, (see Fig. 













jma. 


§ 898 

330), used at Monteponi, Sardinia, both have cast iron tanks. Plate iron tanks 
arn used in the Baum coal jig (sec Fig. 314). The use of plate iron requires 
special care in riveting corners with angle iron, owing to the constant jar and 
racking action of the plunger movement. Mine waters arc often acid and when 
they arc used in the mill, frequent applications of paint arc needed to protect 
the iron sufliciently to prevent its decay. The cutting off of forests is proceed¬ 
ing so rapidly that the use of cast iron or plate iron for jigs will probably 
increase. 

§ 3D8. HuTCiif;s.— The development of the modern jig may thus be traced: 
The first continuous jig (Fig. 316), had a .square tank'and a longitudinal par¬ 
tition e.xtcnding but little below the sieve. The ted was treated very unevenly; 
the inner part was too active, the outer too stagnant. Guide boards (Fig. 317), 
to catch and appropriate proportional amounts of pulsion for each part, im¬ 
proved it. A rounded, tubular tank (Fig. 318), improved it still more, but was 
costly. The inner cylindrical bend was replaced by a straight partition (Fig. 
31!)), diminishing expense and still retaining the improved quality. The last 
two, however, were found to bank with sand to a hopper form, as indicated. 



mu. 310. mu. 317. mu. 318. mu. 31!). mo. 330. mu, 331. 


So (he ne,\t .step was to make the hopfjcr of wood (Fig. 330), and at the same 
time the importance of elevating the sieve some distance above the bottom of 
the partition (see k 30!)), and of (hqiressing the ])iston below the sieve (see ^403), 
was recognized. Finally, the side hopper for discharging the hutch near the 
front margin (Fig. 331), was devised. 'J'his last a]ipears to be the llarz jig of 
to-day, altlmugh there are Jiiany more of the ri'gular hopp<'rs still in use than 
of the side hojijiers. A few of the (‘ylindrieal bottomed jigs also arc still in use. 

It shouhl bo said that the end j)arts of the hopper are generally u.sed with the 
side parts, but they are left out of the cylindrical bottomed jigs. In case they 
are omitted, two spigots for each hutch should be used, as otherwise', sand banks 
will till in and make sand hoppers. Mill 18, however, has side parts of the 
hopper only with but one spigot. 

Mill 30 has a rectangular butch with only an inclined partition extending 
from the spigot part way across the hutch. 

Mill 33 has a side hopper with the rear angle between the sloping bottom 
and the vertical side replaced by a cylindrical surface, the center of the cylinder 
being at the bottom of the longitudinal partition. It is, in fact, a side hopper 
modified by a cylinder. 

The Stutz coal jig has a false both m or hutch with holes in it through which 
slime may settle to the true hutch below. This clarities the hydraulic water 
which is used over and over again. 

The slope of the hutches in a few of the mills is given in Tabic 270. In 


TABLE 270.—SLOPE OF .TIU HUTCUIES. 


Mill No. 

Slope of 
Ends. 

Slope of 
Sides. 

Mill No. 

Slope of 
Euds. 

Slope of 
Sides. 

IB. . 

Degrees. 

40 

Degrees 

53 


Degrees. 

45 

Dej^eea. 


■Vertical. 

4.^ 


43-59 

55 

is fflnH . 

35 

JIO. 


60 



44 


02 

8S&60 

iS (three-fliBTe jig). 

45 , 

S6 

87 (Hnn jlR) (o). 

56 

40&60 


(a) See Figs. 806a-S06c. 
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and overflow to pointed boxes. The water used is 45 cubic meters per hour. 
In the washing and rc-washing at these works, tliere are 124 of these used. 

It has remarkably high capacity and low cost, and on material free from in¬ 
cluded grains, does work equal to a pulsion jig, that is to say, a jig whicli has 
no suction. It has not yet found its way into mills in the United States, but 
the position of the intermediary jig would be a natural place in which to try it. 

(jENEIlAl. CONSIDKRATION.S OF .IlOS. 

The jigs just described represent leading types of good modern practice, to¬ 
gether with others which are inserted simply to illustrate principles. Consider¬ 
able variation is found in certain of the details and the engineer will welcome 
the op])ortunity to select from these. To meet this demand, the following re¬ 
marks are made. 

§ 3i)(i. Fhamfs.— Wooden frames are generally used on the Ilarz, the slid¬ 
ing block and the crank arm jigs (see § 4(W and § 409), to hind the jig tank 
together and to sui)port the me<dianism. 'J’here. is one more set than there are 
sieve.s of the jigs. Each set consists of a cap, two posts, or threi^ posts where 
two jigs are framed together hack to battk, and a sill, all notched uu<i bolted 
together and further Btreiigthuiied by horizontal tie rods. The dimensions of 
these ])ieees in some of the mills are shown in Table 2()i). 


TAHI.K 2f)9.—FUAMUS AND TIH UOlW. 



Diampt r 
of Tie Kods. 


InciteH. 



(rt) This jig has also a 2x1 inch post at eitiior end of its lonKituduiuJ parUtlon etnineeted hy two tie rotls 
^ inch in diameter. (6) In this mill two Jigs are framed together so that euoh set has a third post, 8*^x5^ 
Inches (WiO Ki(;s. 806((-806(’). l.o) The posts are very solidly mortised and bulled to the cap and sill, so that do 
tie l^lts are used. 


Cast-iron frames are sometimes in part substilnled for wooden frames by 
putting iron standards upon all the cross partitions and on the two ends. They 
are bolted at llie ends down to the sills below, and S('rve to support the eneenlric 
shaft. While these are neater to look at, and make the sieves more open and 
easy to approach, they do not furnish buekslaves for the tank. Tliis deficiency 
is in part made up by several tie rods running through the cross partitions from 
side to side. The planks of the tank are, too thin to support properly the stand¬ 
ards. The, author, how'ever, is unable to quote a single iiistaiiec of this being 
used on a Harz jig, although it has been noticed in a few instances on accelerated 
jigs. 

§ 397. Matekials foe Jig Tanks. —Wood is the usual material. Soft wood 
is more commonly used than hard. It is generally put together with tongue 
and groove joints and is held together and supported by the frame. The thick¬ 
ness of planks used in most cases is 2^ or 3 inches; sometimes as low as 2 inches, 
or even less is found, but it is not to be recommended except for light work.' 
The Cooley jig used in Sonthwp.st Missouri and in Mill 92, is built up of 2X4- 
inch soft pine planks spiked flat one upon the other, and dovetailed at the 
.comers and partition,joints. 

Cast iron jig tanks for the Collom jigs (see Pigs. 308a-308c), are used in 
Mill8%4, 47 and 48. Charles J. Hodge’s new jig and the Perraris jig, (see Fig. 
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,T.VBLE 271.— CONSTETJCTION OE JIGS. — Continued. 



(o) W7iore two or more values are given they are for the different compartments of the jig tuken m order 
from the first sieve to the last. (6) A Spilsbury jig, which te of the Harz type, (c) This jig is really two jip 
placed head to hood, each having two sieves; two sieves treat 10 to 5-mm. stuff and two sieve-* treat 5 to 
a-iiuu. stuff, id) Then! are three Harz jigs and one sliding block, (e) For No. 2 jigs there is one large jig and 
two small jigs; the latter wi're made by rearranging a four-sieve jig so that ore is fed at the middle cross 
dam aud flows botii ways. (/i This is the depth below the first sieve, (g) There is one crank arm (not used) 
and one Harz. (A) There is one crank arm and one Harz, (i) Graduated from 4^ inches on first sieve to 4 
inches on last sieve {j ) Each jig is praciujally the same as two one-sieve jigs, the stuff being fed, at the mid¬ 
die cross partition and going both ways, (fc) A modified CoUom jig (see § 387). (i) The plunger is forced down 
by a cam aud lifted by a spring. 

The spare for tlie pliiriger current, even when the liutch product is present 
before being drawn off, should at no point be less in area of section tlyan the 
area of the plunger. This is a good rule and in accordance with the principles 
of hydraulics. There are, however, many jigs which violate it more or less and 
yet are doing work whieh is regarded as satisfactory. For example, there are 
4,500 or more Oolloin jig sieves at Lake Superior, in all of which the plunger 
water has to go through a hole that is but little more than one-quarter the area 
of the plunger. 

§ 400. The Linings. —These are to take the wear on the plunger side and to 
provide for holding the sieve in place on the jigging side. They are made 
almost invariably of wood. The No. 1 and No. 2 jigs of Mill 39, however, have 
their plunger compartments lined with iron. In Mill 30, the grain of the w(>od 
in the plunger lining is vertical whieh seems the logical arrangement. I’he 
lining on the sieve compartment is generally 1 inch thick and is interrupted or 
divided into two parts by the sieve fr^ie. The lower part forms the ledge upon 
which the sieve frame rests, while the' upper serves as a cleat to hold down the 
sieve frame. 'Phe importance of these linings in giving smooth sides to the 
sieve compailinent cannot he emphasized too much. The under lining should 
reach down so fur that all irregular currents are broken up before they reach 
the sieve. To the bottom of the longitudinal partition is probably deep enough. 
To insure this result, the inside of the sieve frame should be flush with the 
lining above and below. The jig, under the best conditions will have a dead 
margin all around, due to friction on the sides, but this precaution will reduce 
it to a minimum. 

§ 401. Spigots for continuous di,sehargc of the hutch products are found 
in a great variety of forms. Most of those used for hydraulic classifiers (see 
§296), may he -iscd on jigs. The use of the rising discharge on fixed sieve 
jigs, however, is not known to the author. 

The author is of the opinion that there is no better spigot than the pipe and 
plug, which is probably the most common. It has the advantages that it yields 
a full, round orifice at all times; that it can be cleared in an instant if plugged; 
that it can be replaced in an instant by the next size larger or smaller, if found 
too small or too large; that it is inexpensive and easily replaced when worn out; 
that the attendant is not tempted to be adjusting this discharge, whieh should 
be kept constant to avoid deranging the action of the jig. This form cannot, 
however, be stopped or opened by a handle from above, but must be tended bj 
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The size of the spigot will be J-inch pipe for the fine jigs. Occasionally ^-inch 
pipe has been used successfully and the advantage of lessoned water obtained. 
In Mill Zi, No. 1 jig has a §-ineh spigot; in Mill,25, No. 3 jig has a |-iiicli spigot. 
At Mill 31, adju.stablo triangular gate sjiigots are used which maintain an equila¬ 
teral opening. Mill 2(> uses (;oiuiuon molasses spigots ou its jigs. 

When coarse jigs discharge their whole product through the sieve, a continu¬ 
ously running sjiigot large enough to discharge the grains without choking uses 
an excessive amount of water and some intermittent device is needed; for ex¬ 
ample, a large pipe nijqile, inche.s, 2 inches or more’ in diameler, with a 
wooden plug is u.sed. At Clausthal and otlier works an inside conical ]Jlug is 
used, which is lifted by a rod coming up through the central partition to a 
lever, and operated from time to time by hand (see Fig. ,'131). 

In Mill 13, using modified (tollom jigs, where material in the hutch has 
passed through sieves with holes 1^ inches, J inch and | inch in diameicr re¬ 
spectively, pipes A are used against the Hanged ends 11 of which covers (/ are 

lield will) »(>igliled levers I) (see Fig. .322). 
'lh(‘ diameters of the pipi>s for IIk* above 
three jirodiicts are (! inches, 2 inches and (i 
inclics respectively. 'I’iie products are dis¬ 
charged ujion the lloor below the jigs, the 
jig being stopix'd in tlie meaiitin'ie. The 
discharging covers are opeiu'd by liamlle.s E 
upon the jigging door. 

§ -1()2. Tun Pi.n.suiJi’u is generally made of 
praeticaliy the same sizi' as the sieve except 
in jigs of tile f'oliom type. This may .seem 
at lirst sight a useless enlargement of the 
machine, luii thporelicallv it is the best jirac- 
Fio. 322.— SPIGOT AT MILL 13. t'cc. US, in hydraulics, for even work, uni- 

lorm velocity of water should hi' maintained 
at all parts of a stream. M here th(> ])lunger is smalh-r than the sieve it must 
have a longer stroke to do the same work, and give, therefore, a hi<dier vidoeity 
to the water, and thi.s high speed curreni is liable lo reaeli some portion of the 
sieve before it is slowed down to the average sp<vd, causing violent hoilimf of 
that portion of the whole bed, while other portions are too sia<''iiaiit and (h'ad 

Of the milks'vifsited 10, 12, 15, 10, ir, 20, 22, 23, 2(i, 27, 30, 85, 87, 88 ami 
S)2 have all their jigs with the plunger the .same size as the sieve In addition 
to these are the following: Mill .0, No. 1 jig; Mill 21, all the jig.s exeeiit No 
6; Mill 24. two of the No. 2 jigs and Nos;. 5 and 0 jigs; Mill 2A Nos 2 and 3 
jigs; Mill 32, Nos. 5 to 10 jigs; Mill 42, No. 1 jig. 



TABLE 272.— SIZES OF SIEVES AND PLUNOEBS. 


Mill No. 


9. 

IH. 

21 

SM. 

28. 

S2. 

37. 

40. 

BO. 


JiB No. 

Size of Sieve 
Compartment. 

2 

Inches. 

42x24 

All. 

32xiriU 

C 

27X2IU 

1 1 
i 2 and 3 

.sa^xioJi 

3Sx22 

I land 2 

34x18 

t 8 to 12 

29x18 

2, 8 and 4 

1 I 

84x2U 

38WX21W 

33^xir»^ 

1 2 to 13 

AIL 

35x23 

« AIL 

82x16 


Sizp of PIims:«r 
Compartmfnt 


IVrcerit I’luiigor 
Area is of Siovo 
Area. 


Inches. 

42x25 

82x12 

27x18 

33^x16 


i 

104.2 
72 7 
88.7 


.38x18 

30x18 

25x18 


H1.8 
HH 2 
80.2 



90.0 

109.9 

90.8 

75.5 

119.6 
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The jigs, except those of the Collom type, which have sieves of different size 
from these are given in Table 372. The table shows that the plunger area in 
no case is less than three-fourth# of the sieve area in the most of the mills. 
In Mills 9 and 86 the plunger is slightly larger than the sieve. In the Collom 
jig and its modifications, as well as in the Parsons jig, the area is ^ or less, as 
shown in Table 373. 


TAULE 37.3. —SIZES OF SIEVES AND rUINGEKS. 


MiU No. 

JiK No. 

Kind of Jlg^. 

. 

1 Sizo of Siovo 
{’oinpurtinont. 

Sizo of PlunRor 
(’oniprirtinoiit. 

Percent Phiufrer 
Area is of Sieve 
Area 




IneJtoN. 

InchoH. 

% 


i j 1 and 3 



1 22x22 

4K 2 


1 2 

Clolloiii. 

88x22 

ir.x 22 

4K 8 

24. 



87^x22 

18% dnunotpr 

18 diamoUT 


ar, . 




88. 

81.. 18 

Kv.ms. 


80 0 

42. 

2to 17 

1 



44.1 

89.4 

44. 

(’am dnv«*ii, Hprintc fftiirn 

8(1x24 

34x10 

47. 

44.1 

1 

2 toir> I 

All. 1 
All ! 

2 to 5> 1 ' 

AH. 1 

tliim dnvon, .spruiK return. 

84x22 

84x11 

80.0 

4fl . ■ 

47 .1 

48 . 

(lollom... 

31x22 

1(3x22 

47.1 


(a) This jijf IS uot u jig, strictly Kjwuking. 


Side plunger jigs have been con,struete(l in whieli one plungi'r served for two 
sieves, one on each side of it, thereby making the sieve area double tlie plunger 
anal. Thi.« arrangement, however, is ojjen to the objection that it is poorly 
regulated, tliat is to say, if the wliole bed is lighter on one sieve than on the 
other, the light(T whole bed will uUsorb greater pulsion, where it really needs 
less than the other. 

The height of the walls of the plunger box are snilieient to pn'vent water 
from eseai)ing. Th(‘ cover placed over the eornpartinent restrains the swash 
due to waves. 

It is important that the upper face of the plunger should nev<‘r be high 
enough to suck air and give the resulting pounding motion. For this purpose, 
a safe rule is that the top of the plunger should never, even at the top of the 
stroke, be above tlie level of the sieve. 

In ri'gard to the eonstruelion of the plunger, all practice agrees that to pre¬ 
vent warjiing and twisting, the plunger should be nmde of several parts, jirefer- 
ably an odd numher, and made of wood, with the grain running lengthwise on 
the outside layers and at right angles on alternate jiieees. 'J'he top and bottom 
parts, where three are used, or the top, middle and bottom, where five are used, 
are of the full size; ihe other parts of about 1 incli smaller length and w'idth, to 
give one or two rings, respectively, of w-ati'r packing. Linkenhaeh recnniinends 
plungers with no w'ater jiacking rings, but has the shies of the coarse jig plunger 
rounded to suit the eccentricity. 

§403. Cl.EAIiANCE OF THE Pl.UNOER AND ITS ATTACHMENT TO THE CoNNECT- 
TNQ Rods. —The clearance is the space between the edges of the plunger and 
walls of the compartment in which it movcis. A space is needed to in’ovide for 
any slight swelling of the wood and for dirt in the water, so that the plunger 
shall not lose power by friction, or cause wear on the lining. Since the plunger 
is usually driven by an eccentric without a cro.ss head the rocking motion will 
require either an increased clearance or a rounding of the side of the plunger. 
The latter may easily be, done on a five-part plunger with two rings of water 
packing, by making the center part slightly larger than the top and bottom 
parts. 
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The clearance required for the rocking motion is comparatively little; for 
example, with a plunger rod 48 inches long, a plunger 6 inches thick and a 
throw of 2 inches, the total side clearance is 0.2 yich, or 0.1 inch on each side, or if 
it is gained by rounding top and bottom it would only be 0.05 inch shaved off 
from the two top and bottom edges of the sides, leaving the center width un¬ 
affected. More clearance will be required when the hutch water is fed above 
the plunger than when fed below. 

It should be said that as clearance increases, the action of the piston becomes 
les.s and less positive; for e.xample, a Jig with a heavy, tight, whole bed, will 
be less moved by a loose than by a tight-fitting plunger. The mill man who 
has a loose-fitting plunger overcomes this diiiicuity by giving it more movement. 
The advantage of a tight-fitting plunger is in the fact that it will recover quickly 
if overfed with heavy inalerinl, while the loose plunger will not, because the 
attendant would not be likely to give it the momentary added throw required. 

Mill H7 has a clearance of about ^ inch all around (see Fig. 3005). Mill 
30 uses :f-inch clearance all around the plunger, and the blende Jigs of South¬ 
west Missouri are reported to have tlie same clearance. Itittingcr recommends 
for under-piston jigs, without rocking niofion, a cl(‘arance of ^ to inch all- 
around. Vezin bolds that I'lj-ineh clearance all around, which on a piston 
18X30 inches yield.s an area of 0.75 square iuebes nr 1.0-1% of the piston area, 
usually furnishes sufficient area for the passage of the water and for other pur¬ 
poses. Kunhardt, (1884), says that jig plunger.s in Europe have J inch of 
play on all their vertical sides. 

The attachment of the plunger to the rods diff('r.« somewhat. They all have 
wide washers above and bdow. They occasionally ha\e a shoulder on the rod 
above and 7iut bdow, as in Mill 37 (Fig. 30(ic), but generally have nuts both 
above and below which admit of adjustment of the ])lunger up and down. 

Mill 30 has lock nuts above and below. .Mill 18 lias one nut above and lock 
nuts below, and Mill 1.5 has lock nuts above and one nut below. The author 
is inclined to favor the fir.st of the three. 

§404. CoNNKCTiNd Roiw.—'I'he common practice is to use one connecting 
rod, running from the eccentric to the center of (aich plunger. This is screwed 
into a boss (7 on the lower side of the eccentric strap F with a lock nut II set 
up against the bo.ss (see Fig,s. 32.3a and 3235), or the eccentric strap has an 
e.\'tcnsioii downward (sec Fig. 3()(ir) of two rods and a cross bar. The eccentric 
rod is held to this cross bar by nuts above and below it. 

In exceptional cases, where the plunger is very long, two rods are used; for 
example, on some of the 30X42-inch blende jigs in .Southwest Missouri, also 
at Przibram. On jigs of the accelerated types, the use of two rods is more com¬ 
mon, as on the Wendt jig of Mill 14 and others. On coal jigs which usually have 
large sieves, it is the rule to use two rods. 

In one Colorado mill a douhlc Harz Jig is used in which two adjacent plun¬ 
gers are driven by only one shaft and eccentric (.sec Fig. 324). The sieves are 
16J inches wide by 31 inches long; the plungers are inches wide, by 31 inches 
long. The disadvantage is that the two adjacent plungers must have the same 
throw, but this may not be serious, as the hydraulic water can equalize the 
matter. 

The plunger receives a, rocking motion from the eccentric from the absence 
of a cross head. This has been claimed by some authorities to injure the even¬ 
ness of the current upon the sieve, but others think this effect is so small that 
it can be neglected. To do away with the rocking motion of the plunger at 
Przibram, a hinged plunger rod, the lower part of which runs in mides, is 
used. In the Dieschy coal jig the arrangement is similar except that the guides 
are done away with and a horizontal arm with one end attached to the hinged 
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joint and the other end pivoted to the frame, makes the line of motion of the 
plunger practically vertical. At Glausllml the plunger rod is actuated by a 
short rocking arm, and this again by a long rocking arm, the two arms being 
pivoted on the same shaft. The long arm is oscillated by a crank and connecting 
rod. The rectilinear motion of (he Colloiii jig and some of its modifications, has 
already been dc’serihed (see SS .TSG and :i8r). In jigs with the crank arm and 
eliding block mcclianisms the motion is practically rectilinear, owing to the fact 

tliat Iho ('(‘oonlric or pluji^er 








-'j 



arm, as the case may be, gen¬ 
erally rocks hack and forth 
over a small arc, instead of 
inakiug a coiii|)l('f(' revolution. 

§ dO.*). The Eccentuic.— 
Tins iiiiist liavi' (he right 
throw to suit (he work the jig 
is calk'd iijinn to do, and as 
the work vai'ics frohi time to. 
time, the ecceidrics must be 
adjiisfable. 'I'lie eccentric 
should have a graduated scale 
to show at once the amount of 
throw at which it is set. 'I’he 
cceeiitricity, lo meet all emer¬ 
gencies, must lie greater than 
that which is likely lo he called 
for. It will he greater for the 



FIO. 333b. —SECTION. FIO. 33317.—ECCEN¬ 

TRIC AND con¬ 
necting ROD ■ IN 

wir.i. 30. eleva¬ 
tion. 


FIO. .324,—nODBLE JIO WITH', 
ONE SHAFT. 


coarse prodnets and loss for the fine. For further discussion, see §§ 4,')1 and 4,52 
Many different designs for making this adjustment liave been made In Mill 
37 there are two eccentrics (r>c Figs. SOGof-SOOg), one outside the other. The 
inner eccentric n fits upon the shaft and is attacliod to it by two set .screws p. 
The outer 7 fits upon the eccentric surface of tlie inner and is adjustable in any 
position by a split collar and bolt s. The strap t slides upon the surface of 
fte outer eccentric and oonve.ys the movement through the rod to the plunger. 
The eccentricity of each is ^ inch and the throw of each is 1 inch The rela¬ 
tive position of the outer eccentric upon the inner causes the throw’s of the two 
to add to or subtract from each other, so that the throw may he varied from 0 
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to 2 inches. A pointer u on the inner eccentric, indicating by graduations on 
the outer, serves to set the machine at any given throw. 

Mill 30 (s(>c Figs. 323® and 3236), has a flanged eccentric wheel G with an 
eccentricity of § inch, keyed to the shaft A at B. Fitted to the outer .surface 
of this is a second eccentric wheel D also with eccentricity of inch and capa¬ 
ble of being set in any position on the first, at which position il'is held by two 
bolts E of which the heads lake hold in a dovetail groovi> L in the flange. This 
combination allows a variation in the eccentricity from 0 to 1:) inches, or in 
the throw from 0 to 2J inches. 

A form commonly usi'd, consists of a concentric disc key<‘d to the shaft with 
an eccentric disc held to its face by two bolts, one of which serves as a hinge for 
the eccentric disc to swing upon, while the other holds the eccentric disc when it 
has been swung off (‘('liter to any desired throw'. 'The ('('centric disc reijuires in 
it two slots, one lor the shaft, the other for the second boll. The amount of 
throw is graduated on the edge of the ecoentrie disc with a jiointer on the con¬ 
centric disc and can be easilv read. 

Ferraris has di'signed an a(ljustable eccentric with a positive set to avoid the 
po.ssible .slipjiing by the clani]) forms .-just di'scribed. It consists of an inner 
eccentric with a flange and an outer eecentrie on tlu' inner. 'The two throws are 
capable of adding to or subtracting from each other, as those in Mills 30 and 
37. In the outer eccentric there are live hides and in the flange of the inner 
eccentric are six holes which bear vc'rnier relation to those in the outer, iiy 
passing a bolt through only one hide in the outer eccentric and through any one 
of the hok's in the inner, six different throw's may be obtained, say )(). 20, 30, 
40, 50 or 00 mm. By using also any one of the (dher four holes in the outer 
eccentric the difference between throws may be cut down to 2 mm. and the device 
will thus nave a positive set for throws varying by 2-mra. intervals from 0 to 
60 mm. 

Habcrmann'^* has enumerated a great variety of different forms, to which the 
reader is referred. 

In regard to the relative position of the eccentrics on the shaft, the almost 
universal practice is to set the ecccuitrics on the shaft so that all the jnilsions on 
the several sieves take place apimiximatidy at the same instant. In Mill 30, No, 
1 jig, with three Bieves, has its eccentrics plan'd at 120° with each other, divid¬ 
ing the circle into three parts. The author has no record in n'gard to the other 
jigs of this mill. At the Brcinigcrberg mine at Stollx'rg, a four-si('ve jig has 
the pulsions of contiguous sieves at 00° with each other. While the scheme illus¬ 
trated in these two instances is undoubtedly a better distribution of ])ower, it is 
doubtful if it do('s as good jigging n.s where tlie plungers act. togetlu'r. Pulsion 
is the first act of .jigging; suction i.s the second, and it would se('m to he better 
to feed No. 2 sieve during its pulsion rather than during its suction. This is 
probably better done with tlie eeeentries working together, or with No. 1 slightly 
anticipating No. 2, than when No. 1 is at 90° or 120° in advance of No. 2. 

§406. Shaft and Pulleys. —There is generally one shaft running the whole 
length of the jig, which is supported upon boxes resting npnn the timber frame.s, 
or more rarely upon special pedestal castings. The Cooley jig has two shafts for 
its seven sieves on the finishing jig used in Southwest Jfissouri. One drives the 
ffrst four plungers at 200 revolutions; the other drives the last Ihree plungers 
at 300 revolutions per minute. 'Fhe diameter of the shaft varies from to 3 
inches, as shown in Table 274. 

It is usual to drive jigs by tight and loose pulleys to avoid the interference 
which wonM otherwise result from the stops which arc needed for skimming, 
adj^tment or repairs. Where the use of the jig upon a given product is still 
in,e3(perimental condition, step pullovs for two or Tnoro speeds may be used to 
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give quickly the desired change in speed. Cone pulleys are sometimes u.9ed for 
this same purpose. When, however, the nK).st favorable speed ha.s been deter¬ 
mined, it is better, for simplicity, to u.«e one .“ize only of j)ulley for each jig. 


TAlil.K 274.- DIAMETKIiS OF SHAFTS. 


Mill No. 

JuL'ht's. 

Number of 

Iirivon from the .Sfiaft. 

9. 

3 

5 

15. 


4 

IH. 

yH 

4 

sw. 


2 


2ii 

4 

w-. 

2.’. 

2 

.‘i. ((toarsH* jifjh. 

2JS 

2 

37 ittue 

2.7, 

4 


55 407. AccKi.niiATKi) Mechanisms. —The early idea of jigging, as slated by 
Rittinger and otlicrs, was to have the whole bed lifted on the down stroke of the 
plunger, while on the up .stroke it was allowed to .settle back again in as nearly 
a.s pos.sibb' still water. One of the methods of reducing suction in order to par¬ 
tially attain this end. has been by accelerated, or, its tliey are someliines called, 
slow return mechanisms; tliat is. mt“clianism.s which give a quick upward motion 
of the water tltroiigh the whole bi'd on the down .stroke, and a slow return of the 
water on the up .stroke. They are used to-day to some e.vtent, espirially on 
e.oar.sc jigs, the jirevailing ideti being that on tine jig.s, which are run with a short 
stroke and a high number of strokes jier minute, the dilTerenee between the aecel- 
eratod meehanism and tiie ordinary eccentric is so slight as to cause no appreci¬ 
able dilference in the sejiaration, and the added coinjdications of the former 
rmider it olijeetionabie. 'rherc are several way.s of producing thi.s acceleration, 
the mn,st inqiortant of which will now be de.scribed. 

U 4I)S. Hliiliiii/ lUuck Mt’cliainxm (see Figs. ;i2.')«-.32.')c), is a device for 
giving a rapid movement to the plunger during pul.sion and a slow movement 



FIG. 325(1.— END VIEW OF ST.IDINO BLOCK MECIIANI.SM AT MILL 30. 

during suction or return. It consists of a driving si .ft a driven by the pulley 
h and driving the crank c; a plunger shaft d with short arms c driving the plun¬ 
ger f. Attached to the plunger shaft (f is a slotted arm g with a sliding block 
h which connoctos the crank pin c with the slotted arm g, and as the crank c 
revolves, the block h slides in the slotted arm and causes the latter to move over 
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a space which has i for its highest position and j for its lowest. This distance 
is traversed on the down stroke while c moves from to c.^ by way of Cj, which 
is a short arc. The return stroke is brought about while c moves from by way 
of Cl to Cf, which is a long arc. It follows that the downward pulsion trans¬ 
mitted to f is rapid, while the upward return is slow. The relative difference 
between these speeds may be increased by increasing the radius of c, or by bring¬ 
ing a, nearer to d. 

The design used in Mill 37 has 11 inches between centers and 4 inches radius 
of driving crank. This gives a variation on the slotted arm of acting radius from 
10 to 18 inches in length, and the period of descent is 40.7% of the time of the 




FIG. 325c.— SKELETON OF MECHANISM. 

whole stroke, and of ascent 59.3%. The highest velocity in the middle of the 
down stroke is 1.8 times the velocity at the middle of the up stroke. 

This device is used in Mills 16, 17, 22, 31 and 37, upon only the coarse jigs, 
the plain eccentric being used on the fine jigs. 

The adjustment of the amount of stroke is obtained by lengthening or shorten¬ 
ing the driving radius, the crank pin moving in a slot on its crank. The detailf 
of this mechanism in the mills are given in Table 275. 


TABLE 275.— SLIDING BLOCK MECHANISM. 


KOI No. 

Jig No. 

Radius of 
Driving Arm. 
lnco««. 

Distance Between 
Centers of Shafts. 
Inches. 

Radius of 
Plunger Arm. 
Inches. 

Ratio of Maximum 
Velocities of Down 
and Up Stroke, 

Ratio of Times, 
Up to Down 
Stroke. 

16. 

1 

6 

14 


1.A45 

1.83 

16. 

S 

6 ^ 

14 

4 

1.645 

1.62 

tt. 

2 

)and2 


5r , 


1.19 

1.8 

1.T8 

1.46 





The advantages of the sliding block mechanism as compared with the plain 
eccentric are, that it gives with the same number and len^h of stroke a much 
quieter suction, which has less tendency to blind up the sieve and to felt together 
the sand into a hard cake. It gives also a parallel action of the plunger, while 
the plain eccentric gives a rocking motion faster on one side than on the other. 
Mill 31 finds after running the two jigs side by side that the sliding block keeps 
the whole bed more free. Mill 39, after trying both jigs, thinks that, while the 
sliding block gives a better action on the plunger, the extra cost more than offsets 
the advantage. The extent of the bearing surfaces exposed to the dust in the 
mill, forms a serious objection to the sliding block mechanism. 

§ 409. Crank Ann Mcr.luinwm ,—This is what is called in mechanism a four- 
bar linkage. A,s show'ii in Fig. 3260, it consists of a revolving driving shaft a 
from which the driven shaft d imparts to an eccentric a motion of oscillation 
which it receives through the crank ab, the connecting rod be, and the crank cd. 
To better illustrate the character of the motion, the skeleton (Fig. 3266), has 
been constructed showing 9 different positions of the two cranks and connecting 
rod. From this it will be seen that the driven crank is given a quick motion 




Fio. 32ria.- cnANK arm mkchanism on fig. 3266. —skeleton of 
COAICSI! JIGS OF MILL 27. MECHANISM. 

corresponding to the down stroke of the plunger while the driving crank is pass¬ 
ing over the arc 2, 1, 8, and it has a slow motion for the up stroke of the plunger 
while the driving crank is passing over the arc 8, !>, 2. The ratio of the time 
of the up stroke to that of +hc down stroke is as the arc 8, 5, 2 is to the arc 2, 1, 8. 
This ratio may be varied by changing the distance ad between centers or the 
lengths of the cranks ab or dc. A v ry slight change makes a great difference 
in the ratio. The parts may be so proportioned that the driven crank makes a 
complete revolution, although this is not customary. It will be further noticed 
that the two periods of maximum velocity of the driven crank come when the 
driving crank is practically at right angles with the connecting rod, that is, about 
midway of the arc 9,1 on the down stroke, and about midway of the arc 5,6 on 
the up stroke. 

The crank arm mechanism is used upon the coarse jigs of Mills 24 and 27 and 
upon all the jigs of Mill 28. The details of it in the .e mills are shown in Table 
276. In regard to these movements, those in Mill 27 were very harsh and trying 
to the jig tanks, while those in Mill 28 were quiet and gentle. This difference 
must have been in the adjustments, which gave a greater discrepancy between 
the velocities and times of pulsion and suction in the former than in the latter 
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mill (see Table 276). It could not have been due to the strokes per minute, as 
they were practically alike. 


TABLE 276.— CKANK AKM MECHANISM. 


Jig No. 

Lengt.h of 
Driving 
Radius. 

Length of 
Driven 
Radius. 

Lengtli of 
Connecting 
Rod. 

'Ratio of Maxi- 
DistanceOn- Maximum i mum Velocity 
tertoCenter I’iunger Arm of Down Stroke 
of Shafts. liadiiJH. to that of 

Up Stroke. 

Hallo of 
Times, Up 
to Down 
Stroke. 


Inches. 

Inches. 

Inches. 



1 aud 2 

U 

sow 

20 

ir> 2.G 

1.90 

8, 4, 5 & 7 

4 

1® 

1SJ4 

m 3 2.0 

1.98 

1,2, 3, 4,r>, 6.7&e 

SM 



10 . 2.4 

1.79 

9, 10, 11 & 12 

21^ 

HK 

ii-M 

10 . 2.0 

1.C7 


§410. The Disc Moliun. —'J'his is another form of four-bar-Iinkiigc. In 
Figs. 327a and 3271) let a be the driving shaft and h a disc or flange upon it, 
and let c be the driven shaft, a little out of line with a, and d a tiangc^ upon it; 
e is a crank pin on h, and / is a crank pin on d; g is a connecting rod uniting 
the two eraidi jiins. The two flanges face one another and are a short distance 
apart, to give room for the crank [)ins and connecting rod. When a revolves, c 
receives an accelerated and retarded motion, as .shown by the eight ditferent posi¬ 
tions drawn on Fig. 327a, the amount of which can bo varied by varying the 
di.stance between the c(!nter.s, or the length of the connecting rod, or the length 
of the crank arms. This device has been put upon a newly designed Jig by 
Charles J, Hodge, to gain varying speed in the dilforent parts of the stroke. 

As usually constructed, the lengths of the parts are such as to cause the driven 



FTO. 327a.— END VIEW FK!. 327ll.— MECHANISM IN MILL 14. 

OF SKELETON OF SIDE VIEW. 
nis<^ JIOTTON MECH¬ 
ANISM. 


shaft to revolve instead of oscillate, as in the crank arm mechanism. The con¬ 
ditions, however, may he so varied that the driven disc may simply make an accel¬ 
erated and retarded oseilllation, in.stead of a complete revolution. 

Hammer and Spring .—This method of obtaining accelerated motion used on 
the Collom jig, ha,< already been de.scribcd under that head (sec § 386). 

§ 411. EUiplical. Gear. —Thi.s re(juire.s two shafts, the driving shaft with heavy 
pulley to receive power and serve as a flyi-wbeel, wbioh revolves at uniform 
velocity, and the driven shaft, which revolves with velocity varying from fast to 
slow, according to the ratio of the driving and driven radii of the two transmit¬ 
ting yiiptical gears. Upon this second shaft the plunger eccentrics are so placed 
that the acceleration shall take place during the downward stroke and the retarda¬ 
tion during the upward. 

Mill 14 uses the Wendt jigs which have gears of this pattern, as shown in 
Fig. i 828 , on which the large radius of each gear is inches and the small radius 
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inches. Referring to the figure, if o is the center of the driving gear about 
which it revolves in the direction of the arrow, and o' the same of the driven 
gear; then tlie ares ah, hd, de, ef, fy, yli, hh and ka on the driving gear and the 
corresjionding ares a' b', b' d', etc., on the driven gear are arcs passed over by 
each gear all in equal spaces of time, viz.: ^ of a revolution of the driving gear. 
During the quickest half revolution of the driven gear it revolves 180° over the 
arc (/ a' i', while the driving gear is revolving 101° over the arc c a i. During 
the slowest half revolution of the driven gear it revolves 180° over the are i' f c', 
while the driving gear revolves 85U° over the arc t / c. If the radius of eccen¬ 
tricity of tin; })lunger eccentric is in the same phase as the shortest radius o' a! 
of the driven gear, then the ratio of the time of the up stroke to that of the down 
stroke will be as 2.')9:101 or as 1. On the other hand, if the radius of 
eecentricity is in the same pha.se as the radius o’ i', then the time of the up 
stroke will be equal to that of the down stroke or the ratio will bo as 1:1, but 
the plunger will have a gradually accelerated velocity on nearly the whole of its 
down stroke, and a gradually retarded velocity on nearly the whole of its up 
stroke. At any intermediate phase between o' a! and o' i', the ratio will be 
intermediate betw'ccn 2.50: 1 and 1:1. In this mechanism the ratio of the 
maximum angular velocity of the driven gear to its minimum angular velocity 
isa.s 8jX8i: IJ or :i. ,57:1. 

t$412. ('aw, and Gravity. —'riie Stutz coal jig lifts the plunger slowly by a 
cam and allows it to fall rapidly by gravity, loading it with a heavy weight for 
that purpose. 'I'lic connecting rod passing down through the plunger and through 
a stuffing box in the bottom of the hutch, has a rubber buffer on its lower end 
to stop tile fall. 

Gam and i^pring. —This, ns used in the cover jigs of Mills 44 and 47, is a 
short one-armed cam. working on the same principle as a gravity .stamp cam, which 
pushes down the jilunger rod a distance from IJ to 1^ inches, and the plunger 
is raised again by a spring. Tlie result is a quick downward movement during 
pulsion ami a slow return during suction. This was substituted for the Gollom 
motion hecauso a more positive motion was necessary for the very coarse'stuff 
jigged. 

Kittinger describes a motion consisting of a cam w'hieli lifts the plunger rod 
slowly and a spring which forces it down rapidly. This principle is also used in 
the, ISTew ('entiirv Drop iMotion ,Tig of the American Concentrator Company. 

Air Pressure and Gravity. —The use of air pressure and gravity to give a quick 
pulsion and slow suction in the Baum coal jig, has been already described (see 
§391). 

§ 413. IlYnnAULic Water.— 'rhis is cither put in above the piston, passing 
down through the clearance space, or it is fed below the piston. On side plunger 
jigs, 16 mills (15, 18, 20, 21, 22, 24, 25, 26, 27, 28, 30, 31, 37, 39, 87 and 88), 
put the hydraulic water in above the plunger, and ,six mills (10, 44, 45, 46, 47 
and 48), put it in below the plunger, that is, into the, hutches. Of this last 
group, however, all but Mill 10 arc Collom jigs, w'ith which it is the rule to put 
the hydraulic water into the hutches. In putting it below, one docs not need 
quite so high sides for the plunger compartment and a tighter and more posi¬ 
tive fitting plunger can be used. On the other hand, water beneath the plunger 
may bring in air bubbles which may give trouble under the plunger or sieve. 
The Parsons jigs used in Mills 24 and 25, introduce the water directly into the 
hutches. 

An idea has long existed that a jig, to do its best work, should diminish the 
suction due to the return of the plunger as far as possible, or in other words, 
a better separation would be obtained by allowing the mass of grains to fall 
back of their own accord, as in quiet water, instead of having them sucked 
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down by the Teturaing current. There ere several means of attaining this end* 
(^) introducing the water above the plunger and placing check valves 
which would open and allow the water to pass down through 
hn+oK introducing the water into the 

neath the plunger through a check valve in the opening leading to the 
MUTCe of supply, which valve would open and shut similarly to those in tlio plunger. 
Ihe supply opening must be large enough to deliver wat(“r as fast ns the rise of 
the plunger calls for it. Jigs working in this way may be called pulsion jigs. 
They are not used to any great extent to-day, except on coal washing, where it 
is claimed that suction is very undesirable, as tending to pull fine coal down into 
the hutch along with the slate. As examples of pulsion jigs, there arc the Mc- 
Lanahan (see Fig. 313), Sheppard, Stutz, Luhrig, Osterspey and other coal jigs, 
in the majority of which the tailings water, after being settled, returns through 
check valves to the hutch. 

The hydraulic water is delivered to the jigs by a water pipe with branches for 
each compartment and cocks regulating the amount. Dial cocks may be used 
to advantage for restoring adjustment after shut down. Mill 37 (sec Figs. 30f!a- 
306c), and some of Die nianufaeturers deliver it by a trough running upon the 
longitudinal partition with shut off gates in the bottoin for the different com¬ 
partments. The sizes of the pipes used arc given in Table 377. 


TABLE 277. —IIYDEAULIC WATER PIPES. 


Mill No. 

.lig No. 

Diameter Main Pipe. 

Diameter Hmneh I’lpes 

Ifl. 

21. 

All. 

I 

Inches. 


2 

jH 


5 



25. 

1 





80. 

AH. 

2 

1 

87. 

4fi. 

All. 

All. 

Trough is 8^x4^ 

- 


§ 414. Sieve Frames are of wood or of iron. Wooden frames to which the 
sieves may be easily taeked, arc the more conimon, and consist of two ends and 
two sides, of soft or hard wood hoards on edge, joined at the corners, and on 
account of the flexibility of wire cloth or thin plate screen, cross bars arc required 
when these materials arc used. These bars of soft or hard wood on edge are 
placed across tjie screen. Sometimes a lattice made up of Icngthwdsc and^'eross- 
wise bars is used. The former form is less expensive and gives sutlicient support. 
The bars are generally plae('d vertical. In the MeLanahan jig, however, which 
has its plunger at the head of the sieve, the cross bars slope upward toward the 
tail, which helps the whole bed to move forward (see Fig. 313). 

The tops of the bars are in the same horizontal jilane as that of the frame. 
The screen is tacked to the bars by copper tacks or fastened by wire, and when it 


TABLE 278.— DETAILS OF WOODEN FRAMES FROM SOME OF THE MILLS, 


Mill No. 

Jig No. 

Size of Plecesof Frames 

Ij&ttice 

Size of Cross Bars. 


Height. 

Width. 

or Bars. 

Height. 

Width. 

Bars. 

15. 

All. 

Inches. 

Inches. 


Inches. 

Inches. 

Inches. 

21. 

All. 


1 



H 


22. 

All. 




. . H 


84...;.. 


2U 


¥ 

(«) ^ 


84. 



1 




25. 

An.. 





87. 

AH. 

8 

1 

1 





All.. 

8 

Lattice. 

8 


nr . 



• 

Lattice.. 

Barg.. 





(o) Beveled to H ipoh et top. (t) Beveled to % Inch at bottom, (c) Beveled to A Inch at the bottom. 
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is worn out the whole frame is replaced by another with a neW aiCW* ^ 

frames arc quickly taken out by removing the linings above them. A StOCK 01 
frames with now sieves on them is kept on hand. Table 278 shows tbc dstSJlB 
of wooden frames from some of Iho mills. Jt is not uncommon to use b(LTS j 
inch thick pd in that case the top is chamfered to about g inch wide. 

1 he outside dimensions of a sieve frame are a little smaller than the space into 
whio^h it is dropped, so that it may bo ea.sily removed. In Mill 25 this space is 
filled with twisted hemp tamped in to hold the sieve in central position and avoid 
possible trouble from the sand. In Mill 30 this space is ^ inch and is filled with 
packing. 

The sieve frame should be made of such a thickness that inside it is just flush 
with the linings above and below it, in order to obtain as even currents as possible 
in both directions. 

The use of bars for supporting the Jigging sieve is necessary but it to some 
exhmt impairs the operation, particularly with fine Jigs. When they are made 
thick, for example J inch, they make di-ad lines across the sieve, alternating with 
bands of too great activity; when | inch, the same is true to a less degree. The 
object of chamfering is to lessen tliis evil. The author has used for overcoming 
this difficulty, on little laboratory Jigs, bars c of brass plate I’j inch thick and 
inches high, the sieve d, being held to - * 

them by bent soft brass wire a h, (see 
h'ig. 329). The iqiper bend h in the 
wire is made beforehand and then 
slipped into jilace; tlie lower bend a 
is easily made with pincers and holds 
the sieve tightly in place. Supports of 
this kind placed 2 inches apart with 
clamp wires also 2 inches apart, fur¬ 
nish a support for the sieve which 
does not give any visible imperfection 
in the Jigghig. 

,t}415. Ikon Sieve hhfAMis.s. —Mill 
18 has a .sieve frame of cast iron di¬ 
vided horizontally into two parts, one 
abov<‘ and one below, with the sieve be¬ 
tween them. Each has four longitudi¬ 
nal grate bars. The.se bars widen both 
downward and upward toward the 
screen from J inch to I inch thick and 


FIG. 330. —SECTION OF THE FEBBARIS 
XNTERMEDIATE JIG. 

(DimensionB in mllllmeterB.) 

the vertical height of each of the bars is about 1 inch. The lower part rests on 
four lugs; the upper part is held down by four wedges driven between it and 
four upper lugs. The upper and lower lugs are in pairs and each pair is con¬ 
nected by a flat cast bar of iron which is let into the wooden wall of the Jig. 
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Mill 20 uses iron sieve frames for No. 1 and No. 2 jigs which differ from the 
above in tlic fact that the frames are of ^-inch wide, 1-inch high pieces, and the 
two longitudinal bars arc J inch wide and 1 inch high, all cast in one piece. 
Nos. 3, 4 and 5 jigs use also two cross bars | inch wide, 1 inch high, making a 
laiticc work. Tiiesc rest upon a w'oodcn ledge J inch wide all around and are 
hold down by wooden lugs, one on each side, and wedges on the jig walls above. 

In Mill 26 jigs Nos. 1, 2 and 3 have iron frames in two parts above and 
below the sieve. The frames are 1 inch thick, Ijt inches high, with three longi- 
Ui<lhm] l>iirs .f inch thick, inclics higli. Jigs 4, 5 and (! are the same, except 
that they have but two bars. 

Ferraris at Monteponi, Sardinia, u.scs an iron lattice supporting fr:.me with 
diagonal cross bars, in an iron jig tank, with a top frame wliich Inn no bars 
upon it (see Fig. 330). The joint is made tight with red lead. I'his sieve 
appears to be held down only at the margin. If so, there is an obji'dion to it 
which does not exist in the other mountings. If the sieve blinds up with sand, 
the middle of it will rise and fall with the whole bed and interfere with the 
settling. 

At I’rziliram, iron cross bars alone have been hsimI to support the screen, the 
usual wooden cleats or linings servijig to keep it down at llie margin. 

The use of the double iron frame saves the necessity of keeping a enmplctc 
supply of duplicate sereen frames. It saves the e.v])eiis(> of laeking the screens 
to the frames. It simplifies the changing of screens, and where a lattice is used, 
it prevents ihe forward motion of the bottom bi'd. On the other hand, while 
the narrow conlral bars may lessen the dead lines on the jigging bed, the mar¬ 
ginal bars make a iruieli worse d(‘ad edge than is found with the usual wooden 
screens held down hy linings. Screens mounted in lhi.s way cannot bo cleaned 
as well as those of the ordinary wooden pattern (sec §431). 


TABLE 279.— JIO SCKEENS. 

Ahbro7iftt»o!iR.- R. W. (i.x;Bii*mint?hatn Wire (iaujfe; ln.=fnch(*H: No.wTiumbfT. 


Jif? No. 

Hit've 

No. 

Material of Screen. 

Thick- 
ne«B of 
Wire or 
Plate. 

Meshes 

per 

Limtar 

Inch. 

Net Size of 
Hole. 

Percent 

of 

Open- 

»)R. 

Life of 
Screens 

Size of 
Feetl to the 
.Hr. 




B W.Ci. 


Inches. 

Mni. 


Davs 

Mm. 






0.125 

3.1H 

3.3 






'1 to 6 



ki) 150 



1 to 4 



1C 









1.25 

81.75 

78 



2 

1 


n.i5 “ 

........ 

0.75 

10.0.5 

60 

ki) 4.'30 

12.7 to 0.35 




0.12 “ 


0.25 

6.35 

46 

(u) 450 



1 5L o 


0.15 “ 

1 

0.85 


72 



l<t2 


0.125 “ 

2 

0.875 

9.53 

66 


9.6 too 

1 

1 to 4 

Steel cloth. 

IS 

4 

0.141 

8.58 

82 

(«) 120 

Ovpr 12.4 

2 

1 (<) 4 

... 

16 

6 

0.102 

2.50 

87 

(«)120 

12.4 to 4.7 

8 

1 to i 

Brass cloth.. 

18 

10 

0.051 

1.80 

26 

(a) 72 

4.7 to2.4 

4 

1 lo 4 


22 

16 

0.085 

0.89 

81 

(n) 72 

2.4 too 


1 to4 

1 



25 




(a) 72 


1 

Cast-iron Rrating (6)... 

^ inch. 


0.187 

4.T6 

45 

(a) 600 

20 to 10 

2 

1 to 4 

Copper cloth. 

15 

7 

0.071 

1.80 

25 

(foano 

1oto5&Ato2 

i 

1 

•* 

22 

16 

o.o:j5 

0.89 

81 

(a)m 

) 

8 - 

2 

** . 

18 

10 

0.051 

1.80 

20 

(n)OOO 

l2to0 

l 

S 

“ 

IH 

10 

0.051 

1.80 

86 

(a) 000 





15 


0.071 

1.80 

25 





tt 

15 

7 

0.071 

1.80 

25 


7 to B 



«( 

•18 

10 

0.051 

1.80 

26 






19 

12 

0.041 

1.04 

24 






22 

16 

0.085 

0.89 

81 


2to0 




14 

4 

0.107 

4.S4 

45 






16 

6 

0.118 

8.00 

60 





n 

18 

*8 

O.J)70 

1.93 

87 





u 

SO 

10 

0 006 

1.66 

42 



6 

1 to 4 


20 

12 

0.048 

1.28 

38 


10 tnesh to 0 
) 

( 

1 

“ 

9 


0.252 

6.40 

40 

20 to 60 

it 

2 

. 

9 


D.2S2 

0.40 

40 

20 to 60 

U.4tD8.7 

i 

8 


6 

a 

O.SSS 

6.69 

46 

60 to 100 

1 



















































BfiUKo. 


JiGSL 


TABLE 279. —JIG SCHBENS.— Continued. 


Thick- Mtishes 
ne«H of per 


Sh;ve MalerlalofScreen. WirSor uUJ ^et^of Open-^ ^ 


B. W. G. I 

SIwjI eldth. 11 I 

“ . 11 , 

“ 9 ! 

“ . 12 

Brass cloth. 13 

“ 13 

“ If) 

Steel cloth. 16 

“ . 18 

“ . 20 

“ . 22 

Brass cloth. 22 

“ . 22 

Steel clotli. 10 



I'opper cloth (/).• J 


.I 



.. (ft) 13 
.. (ft) 16 
. (ft) 16 
.. (ft) 19 
.. (ft) 22 
.. ift)2i 
.. i‘g inch 
.. x‘8 inch 
19 

..{ 10 



3 



'Punched steel plate 


jSteel cloth.. 
Brass cloth. 


') i..*;too 
4.6 to 8.6 
3.6(0 1.22 
1.22to0 
1.22 too 
■0.64 10 0 
0.64 to 0 
. Over 12 


60 l.l’)Il[ 

34 252 ( 

60 J,20ilf 

39 3 (N) 1 

41 iHdV 3to0 

50 1,200 j 

34 300 a to 0 

41 240) 

M atnn 

41 102 { 3 ° 

34 1,200) 


. 600 8 to 0 

. 6.7 to 8.6 

. 3.0to2.1 

. 2.1 tol.5 

IWtoiaO 1.6 to 0.91 

. 0.91 to 0 

j 38 to 25 
“•j 25 to 15.9 
nni 15.9 to 12.7 
12.7 to 10.8 
42 to 50 10.3 to H.8 
28 to 42 8.3 to 4.4 
28 4.4 to 2.78 

Qi ) 2 78 to 1.98 
‘‘M 1.98 too 

. 1.98to0 

' 40 to 25 
25 to 16 
86 16 to 12 

42^ 12 to 8 
^^1 8 to 6 
42 5 to 8.5 

85 to 42 8.5 to 2 

. 3.5 to 8 

56 2 to 0 

.. 2to0 

. 6to4 

. 4 to 3 

. a to 2.6 

. 2.6 too 

. 2.5 to 0 
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TABLE 279. —JiQ SCREENS.— Continued, 


Jig No 

Sieve 

No. 

Material of Screen. 

Thick, 
ness of 
Wire or 
Plate. 

1 

1£2 


B. W. G. 
12 

1) 



I &2 


16 

18 

20 

1 

6j 

8 

1 to4 


71 

8 

9 

1 to4 


10 

11 


2 

8 

4 

1 to 4 


16 

P 

1 to 4 


20 

9&io 

3 

I to 4 


32 

1 to3 


16 

1 to 3 

M 

17 

4 

1 to a 

U 

17 


1 to4 

1 


16 

6 f 

.1 

18 


2 

4i 

16 


8 


20 


4 

a 

20 

8 ^ 

1 to 4 

t< 

22 

9 

1 to 4 

44 

24 

1 

1 to 3 



2 

1 to 8 



8 

^ to8 


” 14 

4 

1 to8 


14 

6 

1 

44 

14 

C,7&8 

9 

1 £2 

44 

16 

1 to8 

44 

16 

lo&n 

1 to 3 

44 

16 

1 & 2 

1 & 2 


10 

2 


10 


1£2 

1 & 2 


14 

4 


16 

5&g| 

1 

44 

16 

2 

44 

18 

6&10I 

13&14 t 

1 to-4 

u 

18 

44 

19 

20 

7 & 11 -j 

2 

44 

8&12j 

1 

44 

10 

2 

44 

20 

1.5 

1 to8 

44 

12 

16 


44 

16 

1 

1 


2 

8 



1 


12 


1 


18 


2 

4* 

14 

6 

8 

44 

16 



44 

14 


2 

44 

16 



44 

16 



W 

16 



44 

18 

7 

8 

4 

44 

18 


4« 

19 


1 

44 

19 


2 

3 

44 

19 

SO 

8- 

44 


4 

14 

80 

■* i 


44 

^ 14 

16 

16 


2 

8 

• 

9 

44 


4 

44 

16 


1 

44 

16 

10 i 


m- 

16 

18 

3 

44 

» , 1 

4 

44 

14 


Meshet 

per 

Linear 

Inch. 

Net Size of 
Hole. 

Perce 

of 

Open 

lag. 


Inches. 

Mrn. 


4 

0.141 

S.58 

32 

6 

0.102 

2.59 

87 

6 

0.118 

3.00 

50 

12 

0.048 

1.22 

82 

6 

o.o;fl 

1.98 

37 

10 

0 065 

1.65 

42 

12 

n.05.5 

1.40 

44 

S 

0.2C8 

6.81 

65 

4 

0.192 

4.88 

59 

6 

0.143 

8.61 

50 

0 

0 118 

8 00 

511 

6 

0 076 

1.9.H 

37 

6 

0.(^6 

1.93 

37 

10 

0 065 

1.65 

42 

10 

o.oa.'i 

1.65 

42 

12 

0.055 

1.40 

44 

16 

0.011 

urn 

43 


jO.157 

4.00 

31 


JO.118 

S»0U 

17 

6 

0.084 

2.18 

25 

7 

n 060 

1.52 

18 

6 

0.084 

2.18 

25 

8 

0.060 

1.52 

28 

H 

0.060 

1 52 

28 

10 

0.051 

1.80 

20 


10.31 

7.94 

51 


10.31 

7.94 

61 

4 

0.167 

4.24 

45 

6 

0.102 

2.59 

37 

6 

(1.103 

2.59 

37 

8 

0.O76 

1.93 

87 

8 

0.076 

1 98 

37 

10 

0.058 

1.47 

84 

12 

0.048 

1.22 

88 

10 

0.058 

1 47 

.34 

14 

0.036 

0.91 

25 

8 

0.224 

5.69 

45 

6 

0.102 

2.59 

87 


jnU.H75 

9.68 

20 


n 0.815 

8.00 

25 

4 

0.141 

8.58 

82 

5 

0.105 

2.67 

28 

6 

0.084 

2.18 

25 

8 

0.060 

1.52 

28 

6 

0.064 

2.13 

25 

6 

0.000 

1.52 

23 

8 

0.000 

1..52 

28 

8 

0.060 

1.52 

23 

10 

0.051 

1.30 

20 

10 

0.061 

1.30 

26 

12 

0.011 

l.Oi 

24 

12 

0.041 

1.04 

24 

12 

0.041 

l.(M 

24 

14 

0.086 

0.91 

25 

14 

0.086 

0.91 

25 

e 

0.084 

2.18 

25 

8 

0.060 

1.62 

28 

6 

0.060 

1.62 

23 

8 

0.060 

1.62 

28 

6 


1.52 

28 

6 

0.000 

1.52 

28 

10 


1.80 

26 

10 

HkliI 

1.80 

96 


t33 

34 


A8G! 


Life of 
ScrcHjns 


Days, 


9(1 

9(1 

90 

sm 

8W) 

rH(» 

7B0 

49 

84 

28 

56 

84 

84] 

70 


Size of 
Feed to the 
Jig. 


Mm. 
Over 18 
18 to 16 
15 to 9 
9 to 6 
6 to 4 
4t<)0 
4 to 0 

4 to 0 

2.5 to 0 

2.5 to 0 

2.6 to 0 
On 12 

12 to 8 
8to0 
6 to 8 
» to 0 
3 too 
2 to 0 

8 to 0 
2to0 

15 to 18 

13 to II 
11 to 9 

9 to 7 
7to5 

5 to 9 

StoO 

StoO 
3to0 
Over 16 

16 to 9 
9 to 6 
5 to 8 
8to0 
3to0 

2.5 too 
2.6t<^0 

138.1 to 22.2 
|22 2to9.6 

9.5 to5 
5 to 2.5 

2.5 to 0 

2.5 to 0 

1.5 to 0 


2.6 to 0 
22.2 to 9.6 
0 .5 to 6 
|54 0 to 38.1 
:8.1 to 16 
15 to 8.6 

8.6to4.6 

4.5 toO 


4.6 toO 


4.5to0 


2.6to0 


2.6 to 0 
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TABLE 279 . —JIG SCHEEN8.— Continued. 


Jig No. Steve Material of Screen. 


Net Size of 
Hole. 


Size of 

Life of Feed to the 
Screens Jig. 


1 Brass <'loth. 
lto8 Steel cloth.. 


4,5&6 Itonl “ 

1 1&2 Hniss cloth. 

I 1 IPlate{o).... 

2-^ 2 |F*late(o).... 

{ 8 Brass cloth. 


8 & 12 I 1 to 4 
0&1O ItoS 


it<>a 

I Cloth. 

1 Brass cloUt. 


41 J 1 
14f # 2 

5&8ton I j ! 

!.'> to 17 (1 3 

18 & 18 1 A- 2 

1 1 Iron cloth... 

Q S 1 C'opper cloth. 

(2 “ . 

8 lir8 

4 < 1 ** ■ 

^12 ** , 


1 I Plate. 

1 {Brass cloth. 


Inches. 

Mm. 


0.224 

6.60 

45 

0.141 

3.6H 

82 

0.141 

3.68 

82 

0.117 

2 97 

34 

0 051 

1.30 

26 

0.185 

4.70 

5.5 

0.25 

6 35 


0.25 

6.85 


0.135 

8.48 

46 

0.185 

8.43 

46 

0.109 

2.77 

48 

0.076 

1.03 

87 

0.051 

1.80 

26 

0 048 

1 22 

S3 

0.118 

3 00 

GO 

0.094 

2.39 

43 


Mm. 
. 20 to 7 
7 to 4.5 


3 to 0 

.15.9 to 9.5 


j 6.8Gto8.S 
{ 8.2to0 
.. .8.2 too 
.. 8.2to0 
.. 8.210O 
.. 8.2to0 
.. 3.2 to 0 
.. 3,2 to 0 
J 12.<to6.85 


e.85 to 0 
2.54 toO 
6.86 to 0 
2.64 toO 
. G.8.6to0 
25.4 to 11.1 


11.1 too 

1.80 to 0 


. 76.2 to 0 
. 4.76 to 0 


4.76 to 0 
4.76 too 
4.76 to 0 
4.76 to 0 
4.70 to 0 
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TABLE 279.—JIG 8CBEEN8.— Concluded. 


Ttn 


e No 

1 iSJ«hve 
/ No. 

1 Material of Screeu. 

Thick¬ 
ness of 
Wire or 
Plate. 

Meshes 

per 

Ltnear 

Inch. 

Net Sire of 
Hole. 

Percen 

of 

Open¬ 

ing. 

i 

Fsife 0 
Screei 

Size of 

f Feed to the 

H Jig. 


1 

1 


B. W.CJ 
21 

23 

12 

14 

14 

12 

14 

14 

14 

14 

10 

14 

10 

16 

16 


Inche^s 

0.051 

Mm. 


Bays. 

Mni. 

8^ 

2 





[ 800 

1.73 too 


1 

3 



0.046 

0.051 




1 

1 


21 

23 

28 

29 

29 

25 

2:{ 








2 

»* 


1.17 


t 

1.30 too 



3 








1 

4* 


n * 

1.17 

1.17 


) 


10^ 

2 

it 


nnir 


f 

1.30 toO 



3 

‘4 


/I 





1 



rt rth. 





11. 

2 



n'^Ii 



1 600 

1.17to0 



3 

»• 



0 013 





1 

44 



0'043 



) 


12. 



2f> 




1 

1.17 to 0 



8 








1 

1 & 2 


28 

W 

in 
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12 and 14 mesh respectively, The sizes fed are respectivelf 12 to 7.9 mm., 7.9 to 6.1 mm., 6.1 to S.S mm., 
8,6 to 0 (first spigot), and 3.3 to 0 (second spigot). (J ) These are old trommel screens and the holes are H 
apart, center to center, (k) This mill has five jigs, or which the first three have 8,12 and 12 mesh iron cloth 
sfeves respectively, and the last two have 12 and 10 mesh brass cloth. The sizes fed are the same as in 
Mill 83. (i) These are square holes with ^-inch space between the holi-s. (m) These holes are round and are 


former is a slot, the latter a square hole, (r) This miii has six jigs witli steel clotli sieves of 4, u, e, lO, ix and 
24 or 3U (depending upon the battery sorei^n with which it Is identical) meshes respectively. The materials fed 
are: Through 3 or 4 mush on 6, C on 8,8 on 12, through 12 (first spigot), through 12 (second spigot), and through 
24 or SO. 

§41(5. Materials for Jio Screens. —The practice of the mills in the use 
of jig .screoiis is given in Tabic. aTt). 

The inaicrials u.^ed in the mills arc white east iron, .steel punched plate, steel, 
iron, brass and eoppe.r wire clotli. Bronze wire cloth wa.s tried iji Itlitt 3!), tnit 
the results were unsatisfactory. Furman finds also imnelicd Jtussia iron plate 
and copper plate in nse on jig.s. White east iron and steel pmichud plate have 
the advantage' of clicapness and stand the rough, hard usage for coarse jigs. 
For fine screens, however, punched plate has too small a percentage’ of opening 
and tends to blind np more than cloth. Tile sharp edgo.s of tlie holes in plate, 
cau.sing a venu coitfmcia, reduce the flow of water still more than tlic percent¬ 
age of opening would imply. Whit(! east iron witli round holes is used in the 
coarse jig of one' mill only (39). This serw-n is made in two sections. The 

„ _ iioles are conical, i| inch diameler at the toj) and 

^jTn n nn nnn " -} inch diameter at the bottom, to avoid hliiiding. 

5 ,": Oast iron gratings are used in tin’ coarse jigs of 

two mills: that in Jlill 1(1 is made in eight jjanels 

? or sections witli V^-shaped bars running across the 
jig. One section is shown in Fig. 331. The e-ou- 
struelioii of the screen in Mill 10 is very similar 
to Ihe preceding. Steel punelied ])late> is used in 
^tn n n f nnn Suotionotnar th('c-oarse'jigs of four mills, in the medium jigs of 
I one mill ami in tlie fine jigs of one mill. 

I Steel clolli lias a larger percentage of opening 

than C'a.stings or jilate and is used on coarse and 
line jigs. It is used in all the jigs of nine mills, 

• in the coarse jigs of six mills and in the fine 
jigs of one mill. Iron cloth is ehe,aper than .steel 
11II 11 nil llijliyil clotli, hut it corrodes more rapidly. It was found 

1 ~ ~' in the coarse jigs of three mills. Brass clotli is 

' eoinnaralivelv hard, though .softer tlian steel and 

FIG. 331.- CAST IRON SIEVE n.ueh belter than st.el. It is 

AT MILL 10. jjg^ 'll Pljjy 

jigs of nine mills. Mill Sfi bus no ditlieulty in using brass cloth .screens, while 
punched phitc'.s were discarded on account of their loiv pereentagi' ot opening. 
The heavy pyritie, ore did not work down into the hutch freely enough. .\t 
Mill 34, brass cloth was used to replace steel cloth which rusted out wliilc 
the mill was shut down. It is probable that either steel or brass screen,s 
could be prevented from corroding during the time when the mill i.s idle by 
a thick coat of black varni.sli. ('o})per elolh, alflunigh quite soft, resists (•ou- 
rosion better than any othc'r of the materials named. It is used in all the jigs 
of four mills and in the fine jigs of three mills. 

Summing up, it will be seen that in jigs cloth Ber''cns greatly predominate, 
while in revolving screens plate predominates, and in gravit)' stamps the t'wo are 
about equally divided. For a further discussion of the properties of various 
metals for screens, the reader is referred to § 154 in gravity stamps, and § 274 
in revolving screens. He should bear in mind, however, that jig screc'us do 
not have such hard usage, because they are better supported and tliey are less 


FIG. 331.— CAST IRON SIEVE 
AT MILL 10. 



546 


OSS Dssssmo. 


§ 417 

Bnbjected to attrition. The utilization of old trommel screens for purposes of 
economy is practised in Mills 26, 35 and 41. Mill 24 is noteworthy as using 
two sieves, a coarser beneath and a finer above, in addition to the usual support¬ 
ing bars. This device is to prevent flexure of the finer sieve and thereby to 
lengthen its life. 

§417. Pekcentage of Opening. —The mill man should decide upon the 
size of hole that he wants, rather than the meshes to the inch, and should order 
sieves on that basis. For logical reasons, the size of hole is diseussed later 
(see §427^ 

Then, for any given size of hole, a large wire would appear at first sight to 
have the advantage of greater durability than a fine wire; but it gives a smaller 
percentage of opening, making the jigging less free, requiring greater piston 
pressure for the pulsion and suction and causing greater flexure and strain 
upon the sieve, which will partially reduce the advantage sought and may even 
give a shorter life than the fine wire. The author is unable to prove this state¬ 
ment from Table 279. Comparing Mills 28 and 30, the figures on life seem to 
disprove it, but comparing Mill 30 with Mills 21 and 40, it would seem that 
nothing has been gained by the large, wires of Mill 30. The size of the wire 
also affects the tendency of the sieve to blind uj). The smaller the wire, the 
more flexible will Ix’ the sieve and the, less will be the tendency to blind. Cloth 
made of too fine wire, will have its wires spread and lose its size of ine.sh, even 
if the cloth is double crimped. The cost of the cloth, which diminishes rapidly 
as the wires are reduced in size (sec Table 281), fuvni.“hes an additional reason 
for using small wire. The tables show that natural dcvelojinient has recog¬ 
nized these advantages and that the sieves u.sed for jigs have smaller wires and 
larger percentages of opening than those used in the revolving screens or gravity 
stamps. 

When' punched plate is used it will probably be advantageous to punch the 
holes closer together than for revolving screens, and it may also be better to uw 
thinner plate. The tin plate which has found so much favor in California 
stamp mills might serve well for jigs. 

§418. Life of Sieves. —Table 279 of the life of jig sieves is interesting in 
a general way, but there will have to be a certain reservation in rc'gard to all 
comparisons drawn from it, for the conditions differ greatly in the mills. The 
ore may be hard and cutting, or it may be soft. The water may bo acid and 
corrosive, or not so. Sieves that are overcrowded with work will probably have 
shorter lives. The action of the mechanism may or may not be severe upon the 
sieve. The height of the tail and other adjustments may be more or less favor¬ 
able to long life of sieves. 

In Mill 27 the action of the jig meehanism is more severe than that in any 
other of the mills visited, and the life of the sieves is shorter. In Mills 21, 
38 and 43 the life of all the sieves is shorter than the average. In 21 it may 
be due to the cutting action of pyrite and the corrosion of acid water; in 38 and 
43 it may be due to corrosive action of acid and of copper salts. In Mills 16 
and 25 the sieves have long life. This may be due to the softness of galena and 
the lack of corrosive action. 

Taking, an average of all the lives of sieves that have been obtained from the’ 
mills, we find; 108 steel sieves have 68.5 days average life; 177 brass sieves have 
243.7 days average life; 39 copper sieves have 213.6 days average life. This 
suggests the faet that eorrosion is much more effective in destroying jig sieves 
than is attrition, for if this were not so, copper would be the shortest lived and 
steel the lopgest. The extraordinary jump between jigs 2 and 3 in Mill 30 
seems hardly to be'explained in any other way. 

A* .few other points are interesting. Mills 27 and 40 demonstrate that the . 



JI08. 


§ 419 


647 


life of steel screens is shorter for the finer sieves; Mill 13, however, shows the 
reverse. Mills 30, 35, 38, 46 and 48 show that the life of brass sieves is longer 


TABLE 280. -LINKENBACH’S FIGURES ON JIG SCREENS. 


Size of 
Feed. 

Size of Hole 
in Sieve. 

Kind of 
Sieve. 

Life of Sieves. 
Ten-nour 
Shifts. 

Length of 
Plunger 
Stroke, 

Number of 
Strokes per 
Minute. 

Mni. 

SO-St) 

Mm. 

10 

Sleel plate. 

450 

Mm. 

75 

HO ISO 

18-20 

6 

Steel plate. 

800 

00 

110-120 

a-13 

4 

Steel plate 

250 

50 

110-120 

6 8 

3 

Brass cloUi 

100 

42 

130 

3 5 

2 

Brass clotli 

90 

a5 

ISO 

2 3 


Brass cloth 

75 

25 

140 

M3 

Brass cloth 

CO 

15 

140 


for the finer lhan for the coarser sieves. Mill 25 shows the same to be true for 
copjier; but Mills 24 and 43 show no regular increase or decrease for copper. 
Linkenbaeli's ligures are given in Table 280. These ligiin^ differ from those 
of the aiilhor, .sleel histuig longer than brass am! coarser screims much longer 
than finer, ])robalily owing to some diffc'renee of condition. The author’s figures 
arc, however, taken from a large number of mills. 

Kunhardt finds in practice that the head end of the sieve wears faster than 


TABLE 281. —.SIEVE WIRES AND PRICES. 


4-mesh 

8-nie.sh. 

j lO-inesh. j 

30-mesh. 

Diumet^'r 
of Win‘ lu 
Inches. 

i’riee pi‘r j 
jSqnare j 

Diameter \ 

Diameter 
of VVire lit i 
Inches. 

Price per 
Sfiuare Fo*»t. 

Diameter 


IRON OK STKEI,. 


0.120 

$0.73 

O.lK'iS 

$0 00 

0.008 

$0 00 

0.010 

$0.66 

O.OM 

(j.:w 

n.oit 

0.S2 

0.(0) 

0.82 

0.014 



0 27 

o.o ;{2 

oai 

0.016 

0.17 

0.013 

0.31 

0.011 

on 

0.023 

0.12 

o.ni'is 

0.13 

O.Ol 

0.23 

0.028 

O.OH 

0 oir 

0 07 

0.0005 

0 08 

0.009 

0.19 


BR.\SH OR COIM'KU. 


0.120 

$4.00 

0.0(58 

$8.00 

0.085 

$8.00 

0 017 

*1 7K 

O.OH 

175 

0 047 

1.75 

0 025 


0 0145 



(» K.5 

0.085 

0K5 

0 02 

0(i0 

0.012 

0 

0.047 

0..50 

0.028 

0..*)0 

0.017 

0.45 

O.OI 


0.032 

0.35 

0.02 

0.85 

0.01.85 

0.30 

0.008 



TABLE 282. —COST OF JIO SCREENS. 

Abbreviations.—IJ. W. 0.=BirmiuKbiim Wire Gauge; C. I.sCast iron; Iii.=:inch; No.ssnumber. 


tfill 

«o. 

Material of 
Screens. 

Mi'sht^s per 
Linear In. 

Size Wire. 

Cost per 
Square 
Foot. 

Mill 

No. 

Material of 
Screens. 


Siie Wire. 

Cost per 
Square 
Foot. 




B. W. (5. 

Cents. 




B. W. G. 


10 

C. I. grating. 

}4-hi. space 

’ 4 -in. bars 

44 

24 

Copper cloth 

6 

IB 

85 

18 

Steel cloth... 

lUinch. 

().22in<‘h. 

40 


10 

19 



“ “ 


0.1.5 ineli. 

45 


“ “ 

14 

28 




>4 inch. 

().I2inclK 

35 


U 

20 

28 


17 

Copper cloth 

7 

15 

on 

35 

Steel plate... 

4 mm. 


94 



10 

IK 

60 


8 mni. 


94 


w “ 

12 

19 

30 


Brass cloth., 

C 

14 



“ 11 

10 

22 

00 


«i a 

7 

14 


21 

steel cloth... 

4 

16 

15 


“ “ 

8 

16 

80 


“ 

6 

18 

10 


M »l 

10 

18 




10 

20 

80 

40 

Steel cloth... 

8 

12 




12 

22 

20 


u t. 

4 

12 

28 



10 

22 

80 



5 

14 


24 

Copper cloth 

4M 

14 

7.5 


“ “ 

10 

18 

94 


:he tail end, and in certain mills the head wears out at two-thirds of the life 
if the sieve; this part is then patched and the sieve serves the remaining third. 
§419. Cost of Screens. —Owing to the uncertainty of figures quoted from 
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practice, which may or may not include varying freight charges, the author 
quotes prices from a trade catalogue. The W. S. Tyler Co. give in their cata¬ 
logue, prices and sizes of wire for screens from which Table 381 is compiled. 
These prices are presumably subject to a discount, but they serve to show how 
much the cost is lessened if smaller wires are used and also to show the relative 
cost of the different materials. Table 283 shows the cost of screens in a few 
of the mills. These figures are much more closely in harmony with Tyler’s 
figures than they at first appear. The variation in the thickness of the wire 
causes the apparent inconsistency. 

§ 420. Slope of Jio Sieves.— In this country nearly all the sieves are level. 
A few exceptions may be noted, all of which seek to even up the conditions of 
the whole bed. The sieves which slope downward seek to give more load toward 
the tail to counterbalance the overload at the head, due to fast feeding. The 
sieves which slope upward toward the tail seek to maintain a thin bottom bed 
of equal depth all over the sieve, and on this account to use less thickness of 
bottom bed, and by this thinness and lightness to secure more rapid treatment 
or greater capacity. 

In Mill 14 on No. 1 and No. 2 jigs, the sieves are 40 inche.s long, 30 inches 
wide, with tails 8 and 9 inches high respectively. They slope down ^ inch and 
1 inch respectively toward the tail. The.se jig.s have also three cro.ss partitions 
on each sieve, of wrought iron i inch thick, 1^ inches high, to prevent the bot¬ 
tom bed from moving too rapidly toward the tail end. 

On Collom jigs (see Figs. 308a-308c), it has often been found on the tail 
plunger sieve, that is, the sieve which has the plunger opposite its tail, that the 
plunger gave more pulsion at its end of the sieve than at the other. To correct 
this, the sieve has sometimes been given a slight slope toward the tail, thereby 
lightening the whole bed at the head end and evening the pulsion. On the 
head plunger sieve it was found that the heavier load on the head of the sieve 
was sufficient to equalize the pulsion without inclining the sieve. The amount 
of slope used on the three Collom jigs of Mill 13 is 1 inch in 4S inches, 1 inch 
in 33 inches and J inch in 4S inches respectively. 

Many coal jigs use a down slope toward the tail to increase capacity. 

In Mill 9 the Henry Faust jig is used, which is the only jig known to the 
author which has a slope upward. In it the sieves are 42 inches long and 30 
inches wide, with a tail board G inches high. The sieve is 1 inch higher at the 
tail end than ’at the head. The tendency of the blende to be carried forward so 
as to form a thicker bottom bed of concentrates at the tail than at the head, is 
in this way balanced, yielding a bottom bed of blende of the same thickness 
from head to tail. This even thickness enables the jig to be run with a thinner 
and more active bottom bed. These modifications are probably partly the cause 
of the great speed of jigging by this jig—80 tons in 34 hours—as compared with 
that of other jigs of the same class—40 tons in 24 hours. 

Foreign practice is indicated by the following notes: Eittinger” recommends 
a slope S° to 8° downward toward the tail of the jig. Commans*” recom¬ 
mends a slope downward toward the tail of inches in 3 feet for coarse jigs 
and -J inch for fine jigs. The jigs at Przibram have a gentle slope downward 
toward the tail**. KunhardF* reports a slope of 1 in 3G as being used to help ■ 
the sand move forward where water is scarce. Linkenbach'* recommends level 
sieves. The sieves on the jigs at Clausthal are level’**. In conclusion, it would 
seem that the high slope recommended in the early days by Eittinger and others 
has given way both in this country and in Europe, as a general thing, to the 
level sieve. 

§421. Methods os Feeding Jigs.— In most cases the material is fed to the 
jig at the head end of the first sieve and passes over it and the succeeding aievea. 
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In three mills, however—16 No. 2 iie’ 24 No ? iio’ ar^A oq i j -vr , 

the middle’cross partition and passes'in both direc 
U?-; ^ “any coal jigs which have but one sieve, the material is fed at th 
lonptudinal partition between the plunger and sieve. 

It IS important that the feed to jigs be steady. A jig with an automatic dis 

al Java fed controlled by the fact thtit they are nearly 

deliver their nroducts'at ^ ■‘'crccns, elassificrs, or other jigs, all of which machine's 
Qciivcr tiK ir pioducts at an almost uniform rate. The rate of feedim? rn-iv -ilsc 

be controlled by the use of automatic feeders. Thus, at Clausthal iifthe Ilarz 

h3.e^'lf!r jigs with dry, sized products down to I mm The 

»; Srs" t p.frS'’ tII ‘T 

...t». „,o Ki.,.’'?, ot.;r I t"i„‘ r 

«r;zf t™.rr “ S7riii,,rs' z?"“ 

™ fed bo„, .,e ;, J Z uZ“;e‘rr»S"™: 

ally of wood, covered with 4-iiich iron plate, of the width of the smve and about 
t^ f ^ iis they are wide, with a slope of 7°, or U indies 

Thic I ’ J" «'i‘i' *!'<-“ top of Uie tailboard 

’A® the advantage that it can distribute evenly and gently the mixed 
tPe'^"ter falling r.pon it. Steeper aprons, up to 45“ sdofe are SowJ n 

emd l nianufacturers (see Pig. 3416) but the iigs 

co^d hardly be fed as gently with this form. ■> 

Tt ,^'S- 30ti«), is a very common method of feeding the iig 

It consists of a little box S running across the head end of the jig outfide wit^' 

Efli: S L‘i*“ 

slot and in it rests always a bed of sand which prevents the bottom fro J ielring 

f<=ed boxes are 
horizontally at a 

™al.. mth «,.a .i»d l„m .11 A Of ae ZlX 
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beveled, sloping downward toward the following sieve, so' as to clear itself 
freely, thereby forming the feed apron of that sieve. The almost universal con¬ 
struction is shown in Fig. 30Ga. In the coarse, jig of Mill 15, however, the 
tailboard is in tlic form of a gable, sloping toward each sieve. The ultimate 
purpose of this drop bclwccn sieves is to facilitate the forward How of the sand. 
Coarse jigs need more drop, because the larger lumjis are less mobile than the 
finer sands; that is to say, they do not become level, drop into layers, or move 
forward toward the tail with the same speed as finer sizes. 

From Table 211, wc find: Mill 10 uses 2| inches drop throughout. Mill 20 
uses 2j inches drop throughout. Mills 10 and 21 use 2 inches droji throughout. 
Mills 10, 11, 20, 21 and 31 use 1| inches drop throughout. Mills 22, 28, 31 
and 02 use 1 inch drop throughout. Mills 15, 30, 32, 35, 39, 11 and 80 use a 
descending drop from coarse to tine; of these. Mill 32 has further a descending 
scale on each jig from the first to the last .sieve. Mills 21, 25 and 38 show 
irregularitv in the amount of droji. The blende jigs in Southwest Missouri 
(Mills 9 and 10) use U to 2 inches on the No. 1, nr roughing jigs, and for 
a four-sieve No. 2, or finishing jig, the drops are jh f and 0 inch respectively. 
Kunhardt recommemls 1 to 2 inclies for coarse and i;, J and (1 inch respectively 
for a four-sieve fine jig. Ijinkenbach recommends 10 nini. for coar.se jigs, 20 
mm. for tine. 

It is clear from the above summary that a largo proportion of mill men (thir¬ 
teen out ot twenty-three), think it better to have one standard drop sufficient 
for the enarse.st size, than to vary it. It is significant that the four mills which 
use only 1-ineh drop Ihroiighont'are first class modern mills. 

§ 423. Kuiojct of Tailuoakd. —The height of tlie tailboard above the sieve 
will he the measure of the depth of the whole hod. 'I'he height to be used de- 
dends upon the difference in the specific gravities of the valuable mineral and 
the waste, and upon the size of the grain. A greater ditrereiiec in siieeitic gravity, 



no. 332. FIG. 333. 

» 

that is, an easy separation, requires Ic.ss depth boeansc the bottom bed holds its 
level better than when the difference in sjieeifie gravity is less (sei' Figs. 332 and 
333). Comjiarc in Table 271, Mills 22, 21, 27, 28 and 30, jigging galena, witli 
Mills 9, 10, 12 and 14, jigging blende or pyrite. 

The coarser grain require.s a greater height of tail than the finer, in order to 
have a sufficient number of particles in vertical column. A jig with a tail only 
2 inches high, but jigging 2-mm. sand, w'ould have a whole bed twenty-five grains 
deep. On the other hand, a jig treating 38-mm. lumps with a tail CJ inches 
high, will have a whole bed only four lumps deep. 

A study of Table 271, of mill practice, taken from thirty-five mills, brings 
out the following points: A de.scending .scale, that is higher tailboards on the 
coarse jigs and lower on the fine, is used in twenty-one mills. In Mill 30, using 
Harz jigs, and 48, using Collom jigs, the figures show that great care is taken of ■ 
this adjustment. A uniform height, approximately, for all jigs, is used in ten 
mills. A rising scale, that is the finer with higher tailboards than the coarser, 
is used in two mills, 14 and 86. Irregularity is found in two mills, 24 and 88. 

The last sieve with a higher tailboard than the previous sieves on a multi-sieve 
jig, or wit^ tailboards increasing in heighf from the first sieve toward the last 
one on a multi-sieve jig, in a more or less perfect series, occurs in Mill 30. The 
ex^t reverse is found in Mill 18. . There seems to be a logical reason for having 
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the tail of the last sieve higher than those of the earlier sieves, because the heaviest 
of the ore has been all taken out, and jigging lighter material needs a deeper 
whole bed. 

The extremes of height arc found in Mills 13 and 14, which have the highest 
tails and in 30, which lias the lowest and which uses a bottom bed of lead bullets 
which arc very heavy. 

The Collom jigs, not including the modified forms, will be noticed to have very 
much lower tailboards than the liarz; the maximum is 3^ inches in height in 
Mills 35 and 43, and 3 inches at Lake Superior. On the other hand, with a few 
exceptions, mostly on the finest jigs, the Harz jigs have tailboards over 3^ inches 
in height. The reason for this is that the positive eeeeritrie and large plunger 
of the Harz give a rpiiet, easy action, while the Collom jig, if loaded up with a 
whole bed 4 to (i inches deep, would pound badly and he hard ujion the mechanism. 
Mill 13 is an exception. There the t'ollom jig has been very much modified as 
to its spring and the opening between plunger and sieve compartments, to increase 
its power and avoid the pound. Mill 43 uses a 4i-itich tail, but to do so, has 
joined the hammers of Collom jigs directly to the plunger by connecting rods, 
giving them a positive motion. 

§434. tljcniNo w'lTii a Stay Box. —The following is given by Kunhardt as 
European practice; “To economize in the use of water and jirevent the fine ma¬ 
terial from being carried off the jig too quickly, the water in such fine jigs is 
almost always stayed; that i.s, the lailings are discharged through a long slit in 
the end board of the jig, beyond and immediately adjoining which, there is a 
stay box. The latter may have the form of a small, hydraulic clas.sifier, which 
delivers the heavier material through the bottom and the lighter stuff as overflow. 
The overflow level is set at least 2 inehos higher than the discharge slit of the jig, 
so as to produce a slight head jircssure and a deep layer of water over the whole 
bed, with a tendency to cheek the main current of the jig. In another form of 
stay box the jig discharge is similarly made through a slit a couple of inches 
below the water surface, while in the stay box there is a float from which hangs 
a plug that regulates the discharge opening in the bottom, according to the water 
level in the jig. 'J’he sands and meals sink to the bottom, and escape, while 
most of the wafer is retained.” 

The stay box gives a freer, looser whole bed and one in which the various 
layers find their level better than without it. This makes up for the lack of the 
carrying current for transporting forward the quartz, and avoids carrying un¬ 
finished fine ore into the tailings. It docs not appear to be used in this country. 

C. M. Rolkcr®’ (1877), speaks of the use at Lake Superior of flat cross bars 
on edge, dipping slightly into the pulp, to cause the carrying current to pass 
beneath them and thereby to break up the hardened cake and enable the fine cop¬ 
per to settle. 

§ 425. Mktiioi) of BuNning Jigs.— The work of the jig is on one of three 
lines: A. The jig makes coarse concentrates and tailings, with a small amount 
of hutch inciden tally from attrition of the large grains. B. The jig makes coarse 
concentrates, hutch and tailings. C. The jig makes only hutch and tailings. 

The work done by jigs is shown in Table 383, and the class in which it belongs, 
whether A, B or C, according to-thc above classification, is given in the third 
column. The table shows that of 300 jigs there are 7fi in class A, 106 in class 
B, 116 in class C, 1 doubtful, either A or B, and 1 with first sieve C and second 
sieve B. In the Freiberg district, Germany, in 1893, out of 136 jigs, 94 were in 
class A. 

The following summary of the table shows the 300 jigs divided into groups 
according to the material which is treated end each group subdivided into the 
separate classes: 
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TABLE 283. —PtlRPOSE AND ADJUSTMENTS OF JIGS. 

Nots.—Id some casetj several values will be found for one Tiiese are for the different stevee of the 
Ahbn'viatious.— 4.ut..—Automatic; Aut. dis. = Autoinntic discharRe; h. cl.=tbox classifler; B'low=Below; 
diB.=diseh.irge; dist.^distributor; (ir.=LOrude<i from; H.=Hut<:he.s of; h.-hutoh; H. rn. or Hunt. m.s=Hunt- 
Kieve; L.=Lead; lhK.=:poimils; ni.=min; ma.=machine; MHx.=Maxiininn; No.zsNumber; Ov.isOversizeof; 
st.=sLnmp; hI. st.=steiim stamp; T.=TftUiuRs of; tr.=rtrommel; Tr. ma.:irTrunkinB machine; Un. = Under 8 l 2 e; 


Material of Feed. 


Undersize of tr... 
Hutches No. i jiR 


Undersize No. 1 tr. 


Hutches No 1 jig.. 


Hutch of No. 2 jig 
From No. 1 tr. 


From BC. and p. t 




Oversize No. 1 tr.. 

Oversize No. 2 tr ., 
Oversize No. 8 tr.. 

let sp. No. 1 hy. cl 


|2d sp. of same.... 
From trommel... 


From No. 8 tr.. 


From No 4 tr.... | 

Ist sp. No. 1 hy. cl. 
1st 8p. No. 2 hy. el. 
j2d spigot of same.. 

[overflow of same.. 


jOversize No. 2 tr... 
Oversize No. 8 tr... 
Oversi^s No. 4 tr.., 
{h) 

0 ,8d sp. No. ? hy. cl 
C iOversize-No. 2 tr... 
C Oversize No. 3 tr... 
C Overaize No. 4 tr... 

ci <0 


Size of Feed 


12.7 to 0 


3.18 to 0 


12 mesh toO 
lU.l to 12 7 
12.7 10 6 ..% 
0.85 to 0 
22.2 to 2.5 

9.6 to 0 

Over 12.4 

12.4 to 4 7 

4.7 to 2.3 

2.StoO 

2.8 too 
20 to 10 

ID to 6 on iRl 
two sieves. 
r> to 2 on last 
two sieves. 

2to0 


Net 

Diameter 
of Screen 
Hole. 


8.18 


7to6 


5 to 8U or 
|(l7)3«to5 

2 to 0 
2to0 
2to0 

2to0 

4 toOmesh.l 
6 to B mesh. 
8 to 10 mesh. 
10 mesh to Oj 
ID mesh to D| 

5 to 5 mesh. 

6 to 8 mesh. 

B to 10 mesh. 
10 mesh to Oj 


10 mesh 
SI 76 
19.06 
6.35 
21.69 
9.53 

8.58 

2.59 
1.3U 


25 mesh. 
4.76 


0.89 

1.30 

1.80 


i.eo 


1.04 

0.B9 

0.89 


4.24 

3.00 

1.98 

1.66 

1.22 


Ratio of 
Diameter of 
Screen Hole 
to Diameter 
of Feed. 


Makes own bed. 


0.25 to iuf. 


1 7 to 2 5 
1.5 to 3.0 


i.otoa.8 
1 0 to Inf. • 


• to 0 20 


0.21 to 0.5.6 
0.28 to 0.57 


0.89 to inf. 


0.24 to0.4B 


I0.16to0.86| 

[0.36ito0.90 


0.45 to inf.) 
0.65 to •* > 
0.05 to “ ) 


0.20 to 0.86 


f 0.26 to 0.87 
[0.37 to 0.65 


0.62 to inf. 


Material of Bottom 
Bed- 


Hand-picked ore.. 

llutrli No. 2 Jig, 12 
to 6.36 itnn 

50.B-mm. stuff.. 

Hutch No. 1 jig, 22.2j 
toO.Stnm. 


Makes own bed.. 


Ist discharge No. 4 jig 
Makes own bed... 


Thick¬ 
ness of 
Bed. 


Ratio of 
Diameter 
of Bed 
Material 
ito Diame* 
ter of - 
Feed, 
(ft) 


Inches. 




2.0 

2.8 


(a) Clam A makes ix^rse concentrates and tailings; Class B makes coarse concentrates, butbbes Md teH 
(cl very similar to those of Mill 10. (e) The second sieve of this jig has a double discharge of Which ^ 
lover discharges respectively of the double discharge on the second sieve, (g) These are treated sepiimU^f 
jbatfic classifler. (tj First, second and third spigots of No. 1 hydraulic classifier. 
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TABLE 283. —PURPOSE AND ADJUSTMENTS OF JIQ8. 
jig taken in order from the head to the tail. 

Br.=Bryan; br'kT=hreaker8; o.^concentratee; 0, c.=Coarse concentratee 


injtton mill; Hunt=Hiinlington: hy,=hydraSic- hy d^i^ra?l?o cI.=c|BMlfler; 

pr. or preceaV=precedln^; p. t;=pfckinrtohlef r i^flere Leteve- 

unw.=unwaU3rBr or unwatered: Unw. b.=DnwaWrln(t box' Z.=Zmc’ «m.=smelter; ep.irapigot; 


18 1 
8 


Coarse 

Concentrates. 
How Removed. 


Aut. dischar^.. 


Destination of Products. 


Coarse 

Concentrates 

to 


By skimming.... 
None. 


i Automatic 
I discharge. 


(1) Aut. dis.... 

(2) Nonei.. 

( 8 ) « . 

.<4) “ . 

None. 

Aut. discharge. 



(c) 

(C) 

(1) Lead sm.. . 
Z. sm. or r. 

., 

{!) Lead smelter.. 
(H)) 

|(S) >Z. smelter.. 

:<4)f 

S) !«<>»». 

Smelter. 

None. 


In) I 

!(2)S Smelter.. 

(8)1 

(4) Bolls. 

Same as preomi'gj 

1(11 Smelter.) 

;(S) None. ' 

I® ;;. 

^4) ” . 

None. 

jSmelter. 

kl) Smelter... 

(2) Holla. 

[(8) Smelter... 
iv4) Smelter... 

(1) Smelter... 

(ai None. 

<S) “ . 

(1) Lead mill. 

(2) (e) 

|(1)Lead mill.,... 
jgj I Zinc smelter. 

(4) Rolls. 

(1) Lead mill ... 
[|g| fZin" smelter. 

'(4) Rolls. 

Satiie as preced'gj 

None.. 



In^ ObMia C makea hutches and taUinRs. (») Theae are the ratios of the maximum sraius of each material 
‘'‘*^^'2'®..,*'°?“,*° ’■oils “d the lower itoes to smelter. (/) These flmTreBire fo? Sd 

,a flttle catch basin being used to bold the product that is waiting, (k) First 2nd second spigots of^jSo. Ihy- 
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TABLE 2R3. —PUUfOSE AND ADJUSTMENTS OF JIGS.— Coniinucd. 

Nore.—In somn canes several values will be lound for one JIr. These are the diffeivnt sieves of the 
Abbreviatione.—AuL. = Aut{)rnatic; Aut. di8.=Automatic discharee; h. cl.=box classifier* B’lowasBelow 

di8. = diSf'-hftr?H! flint =(fintrihiitiirr —<}rRt?P<H fi-ntn- IT ,.f. \. u_ _ tV _* . r... 

Kieve; 

Bt.s 


AnoreviauonB.—AUL. = Aut{)rnatic; Aut. dl8.=Automatic discharge; h. cl =box classifier* B’lowasBelow 
lj8.=diRcharge: di«t =(liHtributor; Gr.={irftded from; II.^Hutches uf; h.=hutcli; H. rn or Huut in =:Iluu^ 
ftieve; L.sLead: Ibs.^pouruls; m.=mill; ina.=machine; Max.=Maxitimm; No.sNumWr* Ov =6ver»ize of* 
it.-stamp; at. st.=steam stamp; T.=:TailmK8 of; tr.= trommel: Tr. imi.ixTrunkitifr nmcbin.*: Un.ssUnderBiio* 



o' 




1 

1 

' u 

' s 

3 

ti 

o 

Material of Feed. 

.Size of Fwd. 

Net 

Diameb'r 
of Screen 
Hole. 

Ratio of 
DiameUir nf 
Screen Hole 
to DiainepT 

'4, 

be 

(0 
. s 



of Fee.<l. 


<-} 

O 







1 a 


Mm. 

Mill. 



) ii 

4th & 5th sp. sntiu*. 
6th & 7iii sp. saiiK- 





(i 

i 0 

10 mi'hh ki U 






i 6.40 

1 to 1.7 


) 1 

c 

Oversize No 8ir.. 

0.1 U) 8.7 

< 6.40 

1 to 1.7 






j 

1.3U)2..3 



c 



{ 5 41 

< .5.41 

1 5 to 2.0 


2 

Oversize No. 4 tr... 

.3.7 to 2.7 

1..5toV.0 
1.7t()2.4 
1.4 to 2.4 



( 6.40 

1 a 68 
i 2.74 

8 

c 

Oversize No. .5 tr... 

2.7 to 1.5 

1 0 to 1.8 






1 2.74 

l.Oto l.H 


4 

a 

c 

Spigot No. 1 iiy. cl. 

1.5 to (J 

1.52 

1.0 tx) llif. 


S 

Uudtirsize No. 0 tr. 

l.StoO 

1.52 

1.0 U> “ 


1 

B 

Oversize No 2 tr... 

4.60 to 8. iH 

4.70 

1.0 to 1.4 

3 

2 

C 

Oversize No. 3 tr... 

3.48 to 1.22 

8.81 

. i.itoy.i 


S 

C 

Istsp. No. 2 hy. cl. 

1.22 toO 

1.65 

! 1.4 to inf. 


4 

c 

2d spigot of samo.. 
1st 9p. No. 2 hy cl.. 

1.22 too 

1.40 



6 

c 

0.64 toO 

O.H'J 

1.4 to inf. 


6 

c 

It 11 

0.64 toO 

O.bO 



1 

A 

Oversize No. 1 tr.. 

Over 12 

0.30 

-to 0.78 

B 


B 

j Ov. No. 2 tr...‘ 

12 to 6 

6.06 

0.42 to 0.84 1 


1 H. Nu. 1 jig. 

0.30 too 

8.70 

0.31 to inf. 


3 

A 

Oversize No. 3 tr.. 

6to3 

j 9.77 

1 9.18 

0.46 to 0.92 ( 
0.30 to 0.78 1 


B 



i 1.80 

0.60 to inf. 

4 

1st sp. No. 1 hy. cl. 

8 too 

i 1.66 

0.52 to “ 

( 




t 

I 1.55 

0.52 to “ 

1 

1 




i I.HO 

J 


6 

C 

2d spigot of same.. 

atoo 

•( 1.D5 

y . 




( 1.65 

1 

■ \ 

I 

A 

J Undersize second 

1 half No. 1 tr... 

i? 

10 mesh. 





) 



2 

A 


7to5 




8 

A 


5to3 

10 mesh. 

10 mesh. 


4 

B 


StoO 

I 




i 1st and 2d spigots 



fi 

c 

■< No. 1 hydraulic 
( ciasslfler. 

j-atoo 

10 mesh. 


1 




( 

6 

C 1 


8 to0 




1 

A 

Un. No. IB tr. 

10 to 7 

7to6 

1.47 

1.47 

0.16 to 0.21 a 

0.21 to 0.28 

2 

A : 

From No. 8 tr...... 

8 

A 

“ “ . 

6toS 

1.47 

0.29 to 0.40 

4 


let Bp. No. 1 hy. cl. 

8 too 

j 8.53 

1 1.17 

1.2 to Inf. 
0.39 to “ 

li 

6 

.B 

<r) 

( 1st sp. No. 1 b. el. 

8 to 0 

) 

1.47 


. a 



{ J*J7 ) 


f'! 

6 

O' 

■j goes to 2 jig?; 2d 
( Bp. to 2 other jigs 

VStoO 

} 1.17 >■ 





1 «.81 1 

. '■ . 1 

1 i 

: 3 


Material of Bottom 
Bed. 


^Lead sbot, 11.2 mm 
I* (iiameler. 


i Worn shot of 
> 1 and 2 with 4 0- 
1 mm. shot uddtKl. 


Thick¬ 
ness of 
Bed. 


Makes own bed. 


I Hutch No. 1 jiK, 
> 4.(j0to S 4B nim. 


i MBtul.semiu. 


i Hutch No. 3 
! 122uim, 




Hakes owu bed., 


2.77 mm, to 0. 
Makes own bed... 


3 jig, 6 to 3 mm. 




Makes own bed.. 


U) 

iH 

IH 

IM 

IH. 1 


1-9 

w 


Ratio of 
Diameter 
of Bed 
Material 
|to Diame* 
ter of 
Feed. 
ib) 


1.9 

3.0 


8.1 

3.1 


1.8 

2.9 


1.7 


:i)w 

aharget . .. 
tfts of F 


) coanie Jigs and the two fin© jigs respectively. 
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TABLE 383. —PURPOSE AND ADJUSTMENTS OF JIGS.— Continwd. 

Jig taken in order from the head to the tail. 

Br.s:Bryaii; br*k*r= breakers; c.^coneentrates; C. c.ssCoarse concentrates: Cl.=Clennini;; cl.ssclasRifler; 
ingtou mill; Hunt =Huntlngton; h^.=:hydraulic; hy. cl.=hydraulic claKaifler; inf.=:inllnity; j.=Jig; K.= 
pr. or prHCiHl’gjspreeeding; p. t.^pieking table; r.=roll 8 ; B.sssieve; 8 c.=KCTeeu; sm.-=smelt 0 r; Bp.= 8 pigot; 


unw.ssunwaterer or unwateiw; Unw. b =UnwattTintf box; 2.=Zlnc. 


^ fc Coarse 
g *2 Concentrates. 
s 5 Ho«r Removed. 
Z 


Di^sUnalion of Products. 


Coa^ I Hutch Tailings 

Concentrates t Products jq 

to I to 


k 45 _ 

Amount of £ a 
Plunger £.S ^ 

'rhrrtw. ^5! -A _• 


Automatic 5 M_i S ^ 
Discharge. be 5 


ois 


ot li iS| •|“| 


. Non «5 .. . Smelter... 


I t3)No. 8r.. i 
gSl-Sra.... .. 
i (31 No. 8 r . ) 

SlilfH.....! .. 

{ (3) No .8r. ) 

. Smelter.... 


( (S)Sm. or{/; 

I iUj \ 

\ (2)y8Tn. 

‘1 (3)i 

i (4)Sm.or(0 , 


. Same as pr. 


Bes-llls)}! 


I AutomAtic j I<1> Trunking .m. 1 

i (ll«:l.«rgea.^ M | RoUa. ^ No. S jig. 

, l (I) Trunking mn.. I-, 

li(S) Rolls. jir. inn... 

, 4 . \ (1) Trunking ma. I u 

' 1 (8) Rolls. r 

I (1) Aut. dis.(1) Trunking ma. 

laS! W .IsllNone. \ “ - 


i Automatic (1) Smelter., 
) discharges. (2) Rolls.... 

, „ i ( 1 )Smelter.. 

1 (2) Bolls.... 

, u j ( 1 )Smelter. 

' 1 (2) Rolls ... 

I Smelter...., 


5 None ..None. 


J 

Gr. AtoM 
Qr. A to i4 

M 


j Automatic 
( discharges 


(1) Smelter.. 
n Rolls. 

(1) Smelter.. 

(2) Rolls. 


. (1) Smelter. I « 

. (2) Rolls.... f . 

. (I) Smelter, j <4 

.(2) Rolls.... ( . 

.(1) Smelter. I .» 

. (2) Rolls.... f . 

.. Smelter.... No. 1 hy. cl. 

I . iwastB.... 

( 8 ) Rolls.... i 

. 

I (8)Rolls.... I 
( Rolls. “ . 


,2j 1« 8 8.70 

SM 8 6.80 

160 J S S-'* 

ft 8 7.41 

168 J 8 18.70 

IM 8 14.88 

H 2W. 

163 ■ ft . 8 ^t. 

i« m . 


44 j ( 1 )Smelter.. 

1 (2) Rolls. 

10) None.(l>None.... 

1 (2) (n) .(2) Smelter.. 

(«) . Smeltor..... 


. <1) Smelter. ) n 
. (2) Bolls.... f •*••• 
. Smcdter.... No. 1 b. cl.. 
’ (1) Smelter. ] 

(a)Sm. or iwjwta 
No.lb.cl. fwaste.... 

, { 8 mo.lb.cl j 


H SH 8.72 0.66 

l|i 214 5.90 0.69 

k 2 H 8.81 0.66 

IH 2k 8.26 0.59 


A 

H, 1-. H 


Ings; Class C makes hutches and toUtngs. (5) These are tlie ratios of the maximum grains of each materlaL 
uswBterer. (m) Below 8.70. (n) Discharges only when bottom bed gets too deep, (o) Has automatic dia- 

■cma Jiff, aee f 888 . (r) Second spigot and overflow of the same, (s) l^bably by skimminff. (f) These two 
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TABLE 283. —^PURPOSE AND ADJUSTMENTS OF JIGS.— Continued. 

NoTB.—In some c^es several value® will be found for one jig. These are for the different sieves of the 
Abbreviations.—Aut = Automatic; Aut. dis.=AutoTT)atic discharge; b. cl = box classifier; B'low^sBelow; 
dis.sdlscharge; dist ^distributor; Gr.saradedfrom; H=Hutchesof; h.-hutch; H. m. or Hunt. rn.=IIunt- 
Kieve; L.=Jjead; lh.s. = pounds; m.ssmlll; nia.=niachine; Max.=:Maxi»uiin; No.=:Nnmber; Ov.sOversfaseof; 
8t,=Htainp; st. st.^steani stamp; T.=Taiiing8 of; tr.=troramel; Tr. ma.=:Trunking nuu-hine; UD.srUndersiw*; 


S I i? 

a g ^ Material of Fwd. 


I Net 
I Diameter 
i of Screen 
I Hole. 


I Ratio of 
Diameter of 


1 B 

Undersize No. 1 tr 

2 C 

From diat. after r 

8 C 

(w) 

1 C 

Oversize No. 3 tr.. 

9 0 

Oversize No. 4 Ir.. 

3 C 

Over-size No. .5 tr.. 

4 C 

Oversize No. 6 tr 

6 C 

iBt. Bp. No. 1 hy. cl 

6 C 

2d spigot of same.. 

1 A 

From No. 1 tr. 

2 A 


3 A 

Oversize No. 3 tr... 

4 A 

Uversr-MJ No. 4 tr... 

5 A 

Oversize No. 6 tr... 

6 A 

Oversize No. C tr... 

7 A 

Oversize No. 7tr... 

« A 

Oversize No. 8 tr... 

9 B 

(^} 

to C 

Udw. 8d sp. same.. 

11 (} 

Uuw. 8d hp. same.. 

1 A 

From No. 1 tr. 

2 A 

“ . 


3.(5 to 8 1 
2.1 to 1.5 
1.5 to 0.0 

(J 01 to 0 


3ft 1 to 25 4 
25 i to 15.0 
U> 0 to 12.r 
12.rto 10.3 


4.4 to2.8 
2.8to8.U 
8.0 to 0 
2.0 too 
8.0 to 0 
40 25 

25 to lU 


Ratio of 
Diameter 
of Bed 


Hereon Hole Material of Btiltom m-ss of Material 
to Dhimeter Bed. Bed. toDiaine- 

of Feed. ter of 

Feed. 

(h) 


Mrn. 

2.77x2.07 
. 7^x.ftmeah 
7^/^xH mesh. 




Inches. 



C.c.No.I jig,6 toSmui 

3 



3 

2.0 

1.0 to 1 6 

1 About 3.3 lbs. lead 
sliot on each sieve. 

i. 

B.O 

1 .5 to 2.6 

I 11.2 mm. diameter 

( 

8.1 

1.7 to 2.4 

“ 


6 8 

1 4 to 2 3 

(x) 


4.7 A 2.4 

2.3 to inf 

(T) 


7.8&4.0 


(■r) 

1 



to 0 80 Makes own bed. 
to 0I 


I O.BItoO 80 
I 0 a) to 0 :t8 
0.17 loO 22 
0.22 to 0 27 
0.15 to 0.10 


0.34 to 0.54 . 

0.38 to 0.45 “ . 

0.4.5 to nif. “ . 

.C.cNo.ftj 28-20iimi lU-2 

. “ lW,-8 

0.121<) 0.10 .Makes own bed. 

0.10 to 0.30 “ . 


I 8 A Oversiso No. 8 tr... 16 to 12 


4.75 0.80 to 0.40 


4 A [Overslice No. 4 tr...j 12 to 8 


8.18 0.27 to 0.40 


5 A Oversize No. 6 tr... 8 to 5 


8.18 0.40 to 0.64 


A lOversizeNa 0tr..J 5toS.6 


7 A Oversize No. 7 tr.. 3.5 to 2 

8 A Oversize No. y tr... 3.5 tu 2 

10 C Udw. 2d sp. same.. 2to0 

11 C Uuw. 8d sp. aanu*.. 2 to 0 

12 C Unw. 4th sp. same. 2 to 0 

29 1 B Oversize Nu. 3 tr... 8 to 4 

2 B Oversize No. 4 tr... 4 to3 

8 A Oversize No. 5 tr... 8 to 2.5 

4 B Ist sp. No. 1 hy. cl. 2.5 to 0 
6 0 2d spigot of same.. 2.6 to 0 

80 1 A From No. 1 tr. 25 to 16 


0.25 U) 0.45 ” . 

0.30 to 0 52 “ . 


.C.c.No.7jip,3.5 2inin 

0.78 to I 2 Makes own bed. 

0.9 to 1.1 “ . 

0.61 to 0.61 “ . 

1.0 to inf. “ . 


.C.c. No. 4 jig, 2.5 mm. . 

0.09 to 0.15 Makes own bed. 


8 A FromrNo. 8tr... 10 to 7 


0.23 to 0.33 
n.lltoO.15 
0.11 rx)0.16 


(a) Class A mAkes coanwi^oncentrates and Ullings; Class B makes coarse concentrates, hutches and tatt- 
(t*) Every two hours V hen the bottom ^heds bt>conie 4 Inches thick they are skimmed to 2 inches. (tt)Nai 
Each alAve has about 83jraunds of lead shot, 7.1 mm. In diameter and lOO pounds of the hutch of No. 8 jig. 86 
first spigot of No. 1 hydrauUc clasaifier. (a') To smelter as first class concentrates, (fr') 
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TABLE 383.—PURPOSE AND ADJUSTMENTS OP JIGS.— Continued. 

taken in order from the head to the tail. 


uuw.=unwaterpr or uuwaiered; Uftw. b.=Unwatermg box; Z.sZinc. 


Destination of Products. 


Coarse 
Concentrates. 
How Kemovod, i 


Coarse Hutch 

Concentrates Products 
to to 


^ 9. 

Amountof £3 
Plunger gS 
Tailings Throw. 



i M 

a None. 


Bolls.. (v) 

. None.Smelter.... 


( (3) Br. mill J 


. ISameaspr. 


•7 1 Aut. discharges . Smelter.. 

i 2 “ . . “ .. 


) n)Rm. 
• 1 (2) Ur. 1 


(2) Ur. mill. 
Suieiter.... 


9 By skimming...-j 
10 None.None.... 

n “ . “ .... 

S8 1 Aut. discharges . Smelter.. 
2 ** .. “ .. 


. Stamps..., 
. H. m. 


. Vanners... 
. Bolls. 


Smelter.j^>[sm.... 

Rolls.Bolls.. 

Same as preced'g Same as pr. 
{JHBmeller.[J>;Sm.... 


. 

jj^jsmoller..... 

|'^||Hunt. niili.. [ H- 

l^me as preced'g Same as pr. 


9 None.None . 

10 " . “ .. 


S9 llAut.discharges..Smelter.. 


IGr. 1^-1 102 

lorJ^j-lH 
H 160 

Or. A to ^ 196 


6 None. None. “ 

( ( 1 ) (o') .... ( 1 ) (o') 

so 1 Aut. dl«:Wge j g) ^ 8 (8) ^ j,„ 


}No. 3r. 


... Same aa preced'g Same as pr. 


( 1 ) (05 ....(D (o') 

(«) (S') ....(2) m 

I ( 8 ) No. 4 rolls.... (a)No. 4r.. 

. Same as preced'g Same as pr. 


MM 

■ At iBt A* A 

‘ At At At A 


. uml 

i IfiS . 
r 380^. 

2r,o . 


1.17 0.!7 

1.2.5 0.20 

i 1.20 0.88 

1.50 0.88 


4^ 1.11 I 0.78 
2 1.27 0.44 


as aecoiKl oUes conoentrateB. 
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TABLE 283. —PUEPOSB AND ADJUSTMENTS OF JIGS.— ConUnued. 

NoTK.—In Jionie cases several valuer will be found for one jlp. These are for the different sieves of tti© 
Abbreviations.—Aut.=:Autouiatie; Ant. <iiR.=Automatlc dlscharp'e; b. cl.=box classifier; Biow=Below; 
dis.=diBcharKe; d}«t.=distributor; (lr.=-(iradedfroin; H.=KuteheB of; h.—hutch; H. m. or Hunt. ni.^Hunt- 
Kieve; L.=Leiid; lbB.=pound8; m.—mill; mH.=niachiiie; Max.=Maxlfnum; No.=Nunib»»r; Ov.^Oversize of; 
Bt.=8tomp; st. st.=rstcam sUunp; T.=TaiUnuH of; tr.=trommel; Tr. ma.=Trunkine machine; Un.=Under8iKe; 


'e' 

C • Ratio of Diameter 

4 I Diameter Of Thick- of Bed 

g'c Material of Feed. Size of Feed. Screen Hole Material of Bottom ness of Material 

3 £ ^ ” to Diameter Bed. Bed. toDlame- 

la I B of Feed. ter of 


Mm. 

iBt Bj). No 1 hy. cl. 3 to 0 


f).3C toiiif. 

« 80 to “ 
0.30 to 


Makes own l>ed. 


bd spigot of same.. 3 to 0 


|8d Bp. of same.. 


From No. 1 tr. Over 1ft 


SomotiincB u ee dl 
coarse coneen• t | 
tratesof No Ojig, [ j' 
3 to 1.07 min.J 


— toO.20 Makesownbed. 
O.HtoO.17 “ 

0.17U)0.20 “ 


From No. 2 tr...... 9 to B 

“ . 6 to 4 

Ut sp. No. 1 b. cl.. 4 to 0 


0.29 t(.> 0.43 Makes own IhkI. 
0.43 to 0.65 “ 


7 B 2d spigot of same.. 4 to 0 

8 C Sd npigot of same . 4 to 0 

9 B 1st Bp. No. 4 b. cl.. 2 5to0 

10 f’ 2ii spigot of same.. 2.r»t<i0 

11 C 3d spigot of same.. 2.6 to 0 

i 1 A FromNo. llr. Over 12 


1.22 0.49tonif. Makesownbed, 

1 22 . 

1.22 . 


— toO.16 Makesownbed.. 


l.iW 0.16 to 0.24 


31 A FromNo. 2 tr.. 
4 ! A 


fi B Ist sp. No. 1 hy. cl. 3 to 0 

6 6 2d spigot of same.. 3to0 

7 C 8d spigot uf same.. 8to0 

' 8 B Ist sp. No. 2 hy. cl. 2 to 0 

9 B 2d spigot of same.. 2 to 0 
10 C 3d spigot of same.. 2 to 0 


8 A *’ . 6.1 to S. 

4 B iBt sp. No. 1 hy. cl. Z.Z to 0 
6 C 2d spigot of same.. 8.8 to 0 

W 1 A From No. 2 tr. 15 to 18 


0.24 to 0.82 
f)..32to0.64 
0.64 to inf. 


I 0.96 to inf. Makes own bed.. 


12.7to7.9 

8 mesh. 

7.9toB.l 

8 mesh. 

6.1 to 3.8 

8 mesh. 

S.StoO 

12 mesh. 

8.8 to 0 

14 mesh. 

15 to 18 

6.81 


0.45to0.62 Makesownbed.. 

























































§ 426 


JIQB. 


TABLE 283.—PUBPOSE AND ADJUSTMENTS OP JIGS.— Continued. 

jig taken in order from the head to the tail. 

Br.=Bryan; br'k’r=:broakers; c.=ooncei)trate 8 ; C. c.=Coar 8 e concentrates; Cl.sCIeaning; cl.=oIassifter: 
Ingtonmill; Huiit.=Huntington; by=hydrauhe; hy. ci.=hydraulic classifier; inf.=lDflufty; j.=jlg; K.= 
pr. or preced g=preceding; p. t.=i)ickiug table; r. = roilB; s.srskive; Hc.=ficreen; Bm.= 8 melter; sn.^spigot: 
unw.=ui)waterer or nnwatered; Unw. b. = UnwatorlDg box; Z.=ZInc. 


Destination of Products. 


I Coarse 
' Concentrates. 

; How Removeil. 


Course 

Concentrates 

to 


Hatch 

Products 

to 


Amount of 
Plunger 
Throw. 


Automatic 

Discharge. 

I I, Ml. . - 'SSJ 


{ (l)Aut. (1) (a') . J 

(‘4 None.Noii«.(4 th’] ... ! -' 

(4 AuL dis.(4 No. 4 roils_. 8 ) No 4 r..! I 

( (1) tfi') 

r (C) (C-) j |“j|- ((!') 

1 (4) No. 4 r,. 

8 None .None. j 

I (4) No 4 r.. 

•« 1 (Aiitontatic tail (l) Smelter.(Ij Smelter | 

J discharge. (21 No. 2 rolls .... a) No. a r.. j 

2 Same as jireced’g Same us pr. 


I Automatic 
[U tail<lis- 
I I cUurgoB. 


gJjSmeliCT. 

} 5 j[Nu. a rolls... jjjtNo. 2 r 
Same as preced'g pr 

.IsJh'"-"- 


} Aut. tail (lis 


‘ i ( 8 ) VNone.. 

8 llolo. 

8 (e') 

lu None. 

11 “ . 


^ j' j rto a roiis... ^ j- i>o. o r 

(DSmeller. 1 

wiNone. same as pr 

Hit J 

None. “ 

(e') 

None. ‘ I 


1 Autdiseharecs] jNa's'^olis![ No, 2rolls 


1 SmcltiT. 

[ No. 2 roUs .. 
f Smelter. 

J'IJIR''!!*. 


jUi;- Bolls... 


a!!L.dis.... 

6 Same as preced'g' 

7 None... 


1.(4) Aut. dig. 

d Same as preced'g 
10 None.I 

3 1 Aut, discharges-I 


Same as preced'g Same as pr. 
( 1)1 

(3) > None. I 41 

18 )) t 

:4) Rolls. J 

Same as prt-cwrg “ 

None. “ 

(D) 1 

(2>yN')ue.,. I 44 

(m ) 

(4) Robs. j 

Same as preced’g " 

None. “ 

gjlsmslter. 

( 8 ) No. 2 rolls .... (3) No. 2 r.. 
iSmue as preced’g Same w pr. 


, I(2) \f\ :::::: (2) I .i■ | 

i None.None.Same as pr. 

1 Autdlschargesi (gj^Smelter. .... (,^0 3 ^... 

j (8) No. a rolls... ) _ 


In. In. i 

221-, i..^ 

( 4 ’6.79T*0.w” 


*■’' 1 2U. 3 8.53 0.00 

130 .. . 

184 ... 


‘>^0 i 254 4.sa 0.89 

1 -H 3-58 0.50 


880 %\ 294 5.56 0,08 


tags; Class C makes hutches and tailings, (b) These are the ratios of the 
praotic^ly no coarse concentrates; it Is probably skimmed occasionally, 
uw thick. 


maximum grains of each materiaL 
(dO Below 2.12. Ce') Probably bofl 
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TXBLE 383.—^PURPOSE AND ADJUSTMENTS OF JIGS.— Coniinued. 

Nora. In some casaa aeveral values will be found for one jiff. These are for the different sieves of Die 
eia Aut.=AutoTnatlc: Aut. dls. = Automatic discharge; b. cl.=ihox classifler; B'low=Below: 

vL™. I Or.=Graded from; H.= Hutche8 of; h.=hutch; H. m. or Hunt. m.=Hun^ 

fisieve, L»—L«aa, Idr.— pouMds; in.=:mill: ma,=machine; Max.s^MaxImum; No.=:Nunibe.r; Ov.^OversJzeof; 
sl.-.stAmp: fit. 8t.~Rteatn stamp; T.—TaiUnRH of; tr.rstrommel; Tr. ina.=Truukmg machine; Un.= UtidorBiae; 


s 

il 



1 


Net 

il 

B 

"5 1 

"S 

Material of Feed. 

Size of Feed. 

Diameter 
of Screen 






Hole. 



a 




K 


o 




84 




Mm. 

Mm. 

2 

A 

From No. 2 tr. 

13 to 11 

6.81 


8 

A 

From No. 3 tr. 

11 to 9 

4.68 


4 

A 

« . 

0to7 

3 Cl 


r, 

A 

From No. 4 tr. 

7to5 

3.00 


6 

A 

. 

6to3 

S.OO 







r 1.93 


7 

B 

iMt ap. No. 1 liy. cl 

3 to 0 


1 1 93 

1 l.fi.5 



C 



1 

1 M 


6 

2d& Sdsp. ofstuiie 

3 too 

1.40 


9 

U 

4th & 6lh Hp samt* 

3to0 

1.04 

85 

1 

A 

Oversize No. 1 tr .. 

Over 16 

4 


8 

A 

Oversizt* No 2 tr... 

16 to 9 

3 


S 

A 

C>ver8izf* No. 8 tr... 

9 to 6 

2.13 


4 

A 

Oversize No 4 tr... 

’ OtuS 

1.52 


5 

1 ^ 

Ist sp. No. 1 by. cl 

3to0 

2.13 


6 

B 

2(1 spigot of same.. 

8to0 

1 52 


7 

(.) 

8ii spigot of same 

{ StoO 

1.52 


8 

C 

4th ‘'pigot ot same. 

3 to 0 

1.52 


9 

B 

iKtHp. No. 2 hy. cl 

8.5to0 

1.52 


10 

B 

2d Hp. of came. 

2 5 lo 0 

1.80 


11 

B 

8(1 spigot of same.. 

2.6 to 0 

1.80 

86 

1 

A 

Oversize No. 2 tr.. 

12.710 7.9 

6 mesh. 


2 

A 

Overeize No. 3 tr... 

7.9 to 5.1 ; 

12 mesh. 


3 

A 

Overelze No. 4 tr... 

6.1 to 3.3 

12 mesh. 


4 

B 

Ist sp. No. 1 hy. cl 

1 

3.3 to 0 1 

12 mesh. 


5 

C 

2d spigot of same.. 

3.3 to 0 ' 

16 mesh. 

K 

’ 1 

A 

Oversize No. 2 tr .. 

88.1 to 22.2 

7.94 



B 

) Ov. No. 3 tr and 

22.2 10 9.6 


7.M 1 



i hiitcii No. 1 jig. 

and 7.94 to 0 

! 


8 

A 

Oversize No. 4 tr... 

9.5 to6 

1 4.24 


4 

B 

Oversize No. 5 tr... j 

5 to 2.5 

1 2.59 


b 


Ist sp. No. 1 hy. cl.i 

2.6 to 0 

i 

i 

2.59 

1.98 


6 

■ B 

2d spigot of same..! 

2.5 to 0 

1.93 


7 

B 

8d spigot of same.. 

8.5 to 0 

J 1.47 } 
1 1.22 \ 


8 

B 

4th spigot of same. 

2.5 to U 

j 1.47 1 

1 0.91 f 


Ratio of 
Diameter of 
S(Teen H ole 
to Diameter 
of Feed. 

Material of Bottom 
Bed. 

Tbick- 
neR« of 
Bed. 

Ratio of 
Diameter 
of 

Mateiial 
to Diame 
ter of 
Feed. 

(5) 

0.52 to0.G2 

0.44 toO 54 

0.40 to 0 52 

0.48 to 0 60 

0.60 to 1.0 

0 64 to inf. 1 

0 64 to “ 1 
U.fiSto “ 
0.5f.to •* J 


Inches 
























- to 0.35 

U 19 to 0.33 
0.21 too 43 

0.30 to 0.51 

0.71 to inf. 












u 



«• 











0.61 toiuf. 

9 to 6 uim. stulT. 


3.6 













41 




(4 







0.21 to 0.86 
O..*#! toO.iW 
& 1.0 to inf. 

0.45 to 0.86 

0.61 to 1.04 

1.0 to inf. I 
0.77 to “ j 


ii-*! 

1 

[ > 

1)4 

1)4 


t 


44 


It 




i Coarse c. No. 4 Jig, 
\ 5 to 2.59 mm. 

tt 









Clasa A malcea coarse <;puoentrate8 and tailings; Class B makes coarse couoeutrates, Butchea and taii^ 
(s') Probably none. (AO To s^t the bottom bed. 
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TABLE 283. —ptJEPOSE AND ADJUSTMENTS *0F JIGS.— Continued. 

Jig taken In order from the head to tlie tail. 

fenTnin- C. o,=Coa™e concentrates: Cl =Cleanine; eI.=cIaB8ffler; 

or or nnw/lvi. liy.=hy.iraulic: hy cl.=hydraulic classifler; inf.=infinTty; l=JiK: K.= 

unw.=^uwa<er^.T !„■ unwatcra: «m.=«nclter; sp.=«plgut; 


Destination of Products. 


Coara© 

Couceutrat4^B. 
How Removed, 


Coarse 

ConcentraU>8 

to 


Hutch 

PrfNlnets 

to 


Amoxint of 
Plunger 
Throw. 


Automatic S H • "" 

DisclmrKC. .Sf«| 

■z z“Kit i:® 

o o 

•&« -Sti 20« 

T.n TQ ■iS'H-w ■c'SClJ 


J Aut. discharge.. Same ns proccU'g No. 2 r_Waste.. 

i .. J j.^Jj Smelfcr.ij-iions. 

( (8) Rolls. j 

1 '* Same as preced’g “ « 


(ii) >SmrlU.‘r.. 
. (4J Rolls. 


Same ns pr.. 


(D) I 

<3)) 

|4) Rolls ... 


] Aut. discharge. 


Jy j Smeltiu*. IJoJp” 
{8) No. a rolls .. 1(8) j ^ 
Saum ns pri'ced’g Same 


(1) SmeUer ■ 
Jjj j- No. a r 
Same as pi ^ 


.. Jlliilsm....: 

^ fkUjNo. Sr.. 

(DSmelter.iniSmelter.! 

|<5i) No. SJ r<ill8 . (5J)No. yr..| 
Same us preced'g Same ns pr. 
.[None. “ I 


..la!ii “ 

((8) Aut. dia.. 'iH) No y rolls.... (8)No. 8 r.. I 
1 Same as preceil'g'S.une aspiveeirg Same ns pi “ 


I Aut.a,»charg,.n J ji] ' ii!K7. 

, .. ||a!i'’™'''f«.!a!!«"'--- 

.. I jiJJSmelter. ..| 

' 1 C'lij Sameaspr. 

[ igj f No. a rolls. J 

fgjf Autdls... JlJ { .Soieltcr. 

1 (8) None.IS) None. “ 

U4)Aut.dis.Ml No, 3 rolls.... 

None.Norn*.... “ 

Aut. dlBohargcs . Smelter.No. 2 jig... t 


No. 2 jig... No. 1 rolls.. 
]”«rLi‘^! j-No. a rolls 
Smelter..., ' ^ 


. j (1) None.(11 None.) 

® 1 (2) Aut. (iia.tii) Hunt, mill.. s 

6 Same as preced'g Same as preced'g 


. Waste..., ■{ 

>. ...] 


j 81 « « J (1) Smelter. 1 

1 1 _1_ 1'(2) Box 01..U 

IngBt Claas C makes hutches and tailings, (h) These« 


1 Be- 1 

160 !}„ low I 0.70 

I a.8H i 

IflO IW , 8 ) 1 , a.8« O.TO 

170 ^ a 8.12 0,67 


m» M 


3 

1« 

2.00 

0.27 

2 

1 

2.22 

0.22 

SJ4 

J 

2.80 

0.22 


a 

4 87 

0.81 

2 

H 

6.88 

0.21 

2 

H 

10.16 

0.14 

2« 


12.70 

0.14 

2 

Ut'l 

20.82 


S>4 

»') 



2>4 

(60 



2 

(60 




s uwzlmuiu grains of each material. 
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TABLE 283. —PURPOSE AND ADJUSTMENTS OF JIGS.— Continued. 

Nora.—In Bome cnaes several values will be found for one jig. These are for the different sieves of the 
AbbreviaUon8.“Aut.=Automatic; Aut. diB.=rAutoDiatic discharge; b. cl =l>ox claKKifler; B'low=flelow; 
diB.=diacharge; di8l.s=diKtributor; (jr.=Graded from; H.=Hutchea of; h.s=lmtt:h; H. m. or Hunt. m.=:Hunt- 
Kieve; L.^Lead; lbs.=:poundK; m.=n)ill; ina.=machine; Mux.=Maxiinuni; No.=Number; 0v.=0ver8lze of; 
8t.=»tarap; st. 8t.=Bteam stamp; T.=Tailing8 of; tr.strommel; Tr.ma.—Trunkingmachine; Un.ssUndersiBe; 


^1 


>{d\\ 


Material of Feed. 



Mm. 

Mm. 

(d) 

Id) 

(d) 

Ist sp. No. 8 hj'. cl 

1.5 to 0 

1.93 

2d spigot of same 

1.6to0 

1.93 

From No. 7 tr. 

) Ov. No. 8 tr. and 
i hutches No. 15jig 

22.2 to 9.6 

9..5 to 5 and 
5.6910 0 

5.G9 
1' 2.59 

Ist sp. No.4 hy. cl. 

5 to 0 



l2d spigot of same.. 

Front No. 1 tr. 

From No. 2 tr. 

Oversize No. 8 tr... 

Oversize No. 4 tr... 
1st Bp. No. 1 hy. cl. 
2d spigot of same.. 
iBtsp. No. Shy. cl. 

j 

2d Bp. No. 2 by.cl.. 

Spigots No. 8 hy. cl. 

Spigots No. 4hy. cl. 
Oversize No.2 tr... 
lOversize No, 8 tr... 

jororfllze No. 4tr... 

I Ist, 2d.3Jand4lli| 
1 sp. No, 1 hy. cl. 

list sp. No. 2 hy. cl 

jSd spigot of same.. 
jOverslze No 2tr... 
Oversize No. 8 tr... 
Oversize No. i tr.. 
;lBtBp. No. Ihy. ot. 


5to0 

54.0 to 38.1 
:iS.I to 15 
15 to 8.5 

8.5 to 4.6 


4.6 to 0 
4.6 toO 
4.6 too 

4.6 to 0 


20to7 

7 to 4.6 

4.6to8 

[stoO 

StoO 

8 toO 
16.9 to 9.6 

9.5 to 6.4 
6.4 to 8.2 
8.2 toO 


Net 

Diameter 
of StTeeii 
Hole. 


9.53 

8 

3.. 58 

2.67 

2.13 
1.52 
2.07 

8.13 
1.58 

2.13 
1.52 

1.68 
1.58 
1.30 
1.30 
1.04 
1.04 
1.04 
0.91 
0.91 
2.13 
1.68 
1.58 
1.62 

1.58 
1.62 
1.30 

1.. H0 

4 mesh. 

6.69 

8 .. 68 

3.58 
2.97 

1.80 

1.80 

1.80 

4.70 
6.35 
6.85 
8.43 

5.48 

8.48 


Ratio of 
Diameter of 
Screen Hole 
to Diameter 
of Feed. 


(d) 

1.3 to inf. 


0.2C to 0 60 
0.27 to 0.52 
& 0.46 to inf. 


0.18 to 0.25 
0.21 to 0.53 
0.24 to 0.42 
0.31 to 0.59 
0.25 to 0.47 
0.18 to 0.34 
0.59 to itif. 1 
0.47 to “ 
0.34 to “ 


0.8.5 to Inf. 
0.61 to “ 
0.61 U> “ 
0.61 to “ 


0.61 to 1.8 

0.80 to 1.2 1 
0.80tol.2 y 
0.66 to 0.991 

0.48 to inf. 

0.48 to “ 


0.30 to 0.50 
0.67 to 1.0 j 
0.67 to 1.0 
0.86 to 0.54 I 
0.54 to 1.1 

1.1 to Inf. 


Material of Bottom 
iJed. 

Thick¬ 
ness of 
Bed. 

lUCllHH. 

(d) 

1 

11^1 

Ratio of 
Diameter 
of Bed 
Material 
to Diame* 
ter of 
Feed. 

(1*) 

(d) 

(1) I C. c. of No. 3 jig, 

(2) ) 9.5 to 5 mm.... 

,Qv j C. 0 . No.4 J., 5 to 

t 2.0 inm 

Same as prt'codlng... 

(d) 

6.8 

6.8 

3.8 


t . 



1 









41 










8H-3 

2H-3 

=>4-3 

2)4-3 

2)4-3 

2)4-3 


41 


J Coarse c. No. 6 jig, 

( 4.5 to 2.59 mm. 

.4 



1.'8 





U 






44 



M 



4* 



44 



•4 










(o) Class Amakes coarse l••n4*eptoat«H and tHiliugs; Class B makes coarse concentrates, hutches and-t^H- 
9, id, ll and 12 mo jUBt Hire Nob. 6,6,7 and 8 re^McUvely, except they are fed from No. 2 hydnultto 








































TABLE 283.—PURPOSE AND ADJUSTMENTS OF JIGS.— Continued. 

Jig taken In order from the head to the tail. 

Br.=Bryan; brVr=hreaker8; c.=:cr»noentrateB; C. c.=Coarae concentrates; Cl.=Clenuinif; cl; 
ington mill; Hijnt.=Huntiugtoii; hy.=hydraulic; hy. cl.=hydrttuhc classifier; iiif.=iiifinity; j 
pr. or preced’gspreceding; p. t.=p>ckiug table; r.=roHK; fl.=sieve; sc.stscreeu; 8m.=8meller* e 
Unw.ssunwaterer or unwatered; Uuw. b.—Unwateriug box; Z.= Zmc. ’ 


Destination of Products. 


Coarse 
Con(5entrates. 
How Removed. 


Coarse 

Concentrates 


Hutch 

Prodncta 

to 


Amount of 
J’lunger 
Throw. 


* I 

iii irafN™'-’.1(3)1.,2^“='". i-Waste.. 

/(8)Aut dis.Smelter.(8)Hunt.m ) 

1 14 Same asprecedV Sanieaspreced’g Sameas pr. “ .... 

IS Aut. discharges. Smelter...No. lu jigs. Steam sf.. 

“ •• “ .Smelter.... Hunt, m.. 


.Sil"®"’. tWaste....Ij 

.(8)Hunt. m I I 


Aiitomatic j . 
Discharge. 

11 

bCc9 

*50 

« 

Height of 
Dam. 

Ratio of H 
of Gate to 
Grain of F 

Ratio of He 
of Dam of 
Height of 

In. 

In. 


id) 

( .... 

id) Uf) 

(d) 




1 2 

( .... 

. 

0.71 




1 a 

a« . 

0.71 


. \ [waste... 

( (»)IIunt.7m J 
.Same as pr “ 

. No. 5} tr ... No. 2 lir’k'r 
. “ .... No. J rt>lis . 

“ .... No 8 rolls. 


J|Aut. tad dis.. 
*^jAut. sidodiR.. 


\H. i"a* A 210 


;'VI , ) 

i2)>-N<>ne.i2)>Sm. . 

!(;p( Cljj Waste.. 

(.4,' Hunt. mill.... (4'Htmt. m. 


lO Same aapreced'Kl.S.ime os preced’g Same as pr 


1 Aut. discharge .. No. C rolls . 


. ?.o 4 rolls.. No. 2roils. 


... LSmeher.LSmelter... 


J [oj i Rrnelter...... ^ u 

{ (11) No. 4 rolls.... ^ 

. . Same as pr.... i 

j (8) No. 4 r.. 

• ••; “ .Sjmieaspr. 


... Smelter..No.SrolIs.. No.Srolls.. 

• “ .i iNo.4rolJ 

( (8) No. 4 r.. I 


SiJs l.l« n,C8 

2J> 1.07 O.CS 

I 2^ 1.69 0.68 

H aji S.84 0.68 

H SU 3.S3 0.68 

H ak a.8!9 0.03 

H nk a.ssi 0.68 

k m . 0.63 


< “ .(lifsm.... ^ .. 

. I _ f (8>No. 2ronB....(8)No.2r .. \ _ ^ .[. 
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TABLE 283. —PURPOSE AND ADJUSTMENTS OP JIGS.— Continued. 

Kotb.— In some cases several values will be found for one These are for the different sieves of the 
Ahbreviations.-'Aut.sAutomatic; Aut. diB.= Automatic discharge; b. cl.=rboz classifier; B'low=Below; 
diasdischorge; dIst.=dUtrIbutor; Or.=Qraded fromj H.=Hutches of; h.= hutch; H.m. orUunt. m.= Hunt- 
Kieve: ij.s=Le^; lbs.= pounds; m.=raill: ma.=uiachine; Max.=Maximum; No.—Number; Ov.^Oversize of; 
st.=:8tamp; st. st.srsteara stamp; T.=Tailing8 of; tr.=trommel; Tr. ma.=Triinking machine; Un.=UDdersize; 


Net 

Diameter 
of Screen 
Hole. 

Batio of 
Diameter of 
Screen Hole 
to Diameter 
of Feed. 

Material of Bottom 
Bed. 

Thick¬ 
ness of 
Bed. 

Katio of 
Diameter 
of Bed 
Material 
to Diame¬ 
ter of 
Feed. 

(b) 

Mm. 



Inelies. 



41 5 B ^ spigot of same.. 3.2 to D 

6 0 3d spigot of same.. 8.2 to 0 

7 C 4Lh spigot of same. 3.2 to 0 
6 C 5tii spigot of same. 3.2 to 0 

Q D ) 1 stand 2d spigots I g otno 

^ " 1 of No. 3 by. cl.. 

10 B Sd & 4th sp. same.. 3.2 to 0 
,i p list &2ti sp. No. 4 1 o o rt 
^ I hy. claasifler. 

12 C 3d&4th sp. Mine.. 3.2 to 0 

42' 1 A Ov. Nos. 8 and 4 tr. 12.7to6.4 
j2 B Ist sp. No. 1 hy. cl. 6.4 to 0 | 

3 B 2d spigot of same.. 6.4 to 0 

4 C 3d spigot of same.. 6.4 to 0 

fi C 4tb spigot of same. 0-4 to 0 

6 B Tails of No. 2 Jigs,. 6.4 to 0 

7 C Tails of No. 3 Jigs.. 6.4 to 0 

H C jlst sp. No. 2 hy, cl 6.4 to 0 j 

9 C I2d spigot of same.. 6.4 to 0 -I 

10 0 Ist sp. No. 3 hy. cl. 6.4 to 0 | 

n C 2d spigot of same.. 6.4 toO ■< 

12 C Istsp No. 4 hy. cl 6.4 to 0 

15 C 2d spigot of same.. 6.4 to 0 

14 C Istsp. No, Shy. cl. lOmeshtoO-j 

16 C 2d spigot of same.. | 

16 C Ist sp. No. 6 hy. cl. | 

17 C 2d spigot of same.. j 

48 1 A Oversize No. 1 tr... 25.4 to II.1 

8 B Ist sp. No. 1 hy. cl. 11.1 to 0 | 

3 11 2<i spigot of same.. 11.1 toO 

4 C 3d spigot of same.. 11.1 to 0 -j 
6 C 4th spigot of same. 11.1 to 0 

6 0 (iO l.estoO ] 

7 C 2d h. No.4&6Jig8. l.UOtoO 

8 A Oversize No. 8 tr... 3 to 2 j 

J B ' Spigot No. 2 hy. ol, 2 to 0 -j 


[ 2 B list sp. No. 1 by. cl.j 4.76 to 0 


. Make own Iwd. 


.H.No.4 J.3 43 mm.tooj. 


0.94 to iuf. Makes own ImhI . 


ri.No,I>j.,3mm. loO 


4 mesh...IMakes own bed. 

4 “ I 


. Makes own bed.. 


O.ntoO 89 
0.19 to inf. I 
0.17 to “ i 


Makes own bed. 


1.65 < J Hutoh No 2 Jig, I 

1.80 r . 1 2.13 mm. to 0 j 


1.0 to inf., 
0.80 to I 


0.64to0.96 ) 

0.64 to0.96 IMakes own bed.... 
0.65 to 0.82 ) 

0.96 to inf. (1) Makes own bed.) 
0.82 to “ (2>jHutchNo.2Jlg, V 
0.82 to (3)1 2.18 mm. to U ) 
0.17 to Hakes own bed. . 


B.29 0.48 to “ I 

1.78 i 0.86to “ n 


(a) ClatH A makes coarse concentrates and tailings; Class B makes coarse concentrates, hutchM Mid tali''' 
(f) Sdpond Uatob of No. 8 Jig and third butch of Nos. 6 and 9 Jigs, (ft') Battery residue of steam etamps. 
gpuiem viUi the dieobaife of the first rieva go to smelter; tbe discharge of the eecood elete ^ 
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TABLE 283. —PURPOSE AND ADJUSTMENTS OP JIGS.— Continued. 

jig taken in order from the head to the tail. 

Br.ssBryan; br’k‘r=breakers; c.ssooncentrates; C. c.ssCoai’se coneentraf^a; Cl.—Cleaning; cl.=clatwifler; 
ington mill; HHnt.=Huutington; hy.—hydraulic; hy. eK=hydraulic rJaHalfter; inf.=inflnify; j ^jig; K.= 
pr. or preced’g=preeeding; p. t.=picking table; r.^rolls; B.=Bicve; Br.=8ereen; sm.sssnielter; sp.ssgpigot; 
unw.Bunwaterer or unwaterra; Unw. b.=UuwateriDg box; Z.—Zinc. 


Destination of Products. 


Coarse i 
Concentrates. 
How Removed. 


Coarse 

Concentrates 

to 


Hutch I 
Products I 
to 


Amount of 
Plunger 
Throw. 


f(l)) 

- I (SDVNone... 
^ 1 IS;j 

1 (4) Aut.dis.. 

6 None. 

7 “ . 

« “ . 


. (4) No. 2 rolls.(4) No 2r.. 

. None.Saineas pr. 


I UjAutdiscliurges 


J.JJ [ ymeltep... . j- Sm. ... 
i.1) No. S rolls— (.H> No. R r.. 
Sivme as preced’g Same as pr. 


42 1 Aut. tail dis. 

2 Aut. side dis. 

a JO)None. 

® I (2) Aut. side dis 
4 None. 


Smelter.{Smelter... 


Ball St. St.. 
) No. 0Jig I 
( by unw, ( 
J No. 7 jig t 


6 .Aut. Hide dis.. 

7 Nose. 

b “ .. . 


(1) Non«.i „ i No. 7 jig i 

(2) Smelter.j • ■ ‘' I by unw, f 

.i 

*' .Same as pr. 

u..n.. i (HSmelUT. I u 

. \ (2iNo.8hycI } 

;Noue. Same os pr • “ 

>1 \ (hSniolhT. / „ 

I .( (2i.No.4hycl f 

' “ ..Same as pr. ” 



Automatic 

.S H.-; 


ce 

S 4 )' 

£3 

M C 

Discharge. 

<W I «.! 

fete £ 
K o&j 

'3 

bcoH 

tCg® 


c 

0 

’si® 


o <r 
6^ 

■t: 

'Sc 

'ZO 

S E 

bi a 
•SO 

« o 
£ 

5 oo 

■2^-5 

y. 

S 

35 

OS 


In. 1 

in. 




i (ij Smelter, | 
■ (2)No.6hycl ) 


16 “ . {Same us pr. “ ... . 

tft .» II i id) ■'‘melter. I it 

.IKa)No.4hycl f 

17 “ Sanjeaapr. “ ... . 

43 1 Aut. discharge... Smelter.No. 3 I'oUa. Steam st... 

* “ ] . 

o „ ] U) Smelter.<l)Smelter. I « 

® i (2)No. 1 rvjll8....{(2)No. (jjig ) . 

4 None.None.llSSr'S . 


I (1) Smelter ' 

. ) <2)No.7iig 

n I (1) Smelter. 

. 1 (2) No. 7 jig. 


(1) Smelter, 

(2) Rolls.... waste.... 


. a \ (1) Smelter. 

‘ ...1 (2) Rolls.... 

S Aut. dischntTce. { !»} ' •'' f. 

( (3) Rolls. (3) No. C jig. 

« 111 Automatic (1) I jmrftor i 

8)f dJRchorge. (g) f V Same as pr. 

3) None.(3) None.J 


44 1 Skimming..Smelter.Smelter.... St. st. (H • • 

S Aut din. (in') . I 


4H 2.29 J.OO 

. 1.00 


iQffs; OlasB C makes hutches and tailings. (6) These are the ratios of the maximum grains of each material. 
Tm Eludes the top skimmings. Both sieves are also skimmed every six hours. The sklmtnings to* 
HeberU mUL 
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TABLE 283. —PUEPOSE AND ADJDSTMENT8 OF JIGS.— Coniinued. 

Notk.—I n Rome (Jos^ several values will l« found for one Jiff. These are for the different sieves of the 
Abbreviations—Aut.=Aiitomatic; Ant. dis.= Aulomath* iiischarffe; b. cl.-box elasslfler; B’lowssBelow; 
dis =«UscharKe’ diRt.=di.stributor; (4r.=Oraded fnnn; lL=:IIutcheK of; h.=:hutch; H. in.orHunt. m.=Hunt. 
Kieve* L =lvead* lbs = pounds; m =inill; ma.—nuwihiuo; Max.—Maximum; No.=Nuniber; Ov.^Oversizeof; 
et =Btamp* st st =steam stamp; T.-TaiUngs of; tr.=trommel; Tr.ina.=Trunkinp machine; Uu.=:Underslae; 







1 

g 

3 

ir, 

h 

« 

o 

S 

3 

bb 

0 

Material of Feed. 

Size of Feed. 

S 


o 







Mm 

44 

8 

B 

2d Spigot of same.. 

4.70 to0 1 


4 

C 

3d spigot of same.. 

4 .76 tu 0 1 


6 

C 

4th spigot of same. 

4.78 to U 1 


6 

B 

2d hutch No. 2 jig.. 

1.73 to 0 j 


7 

B 

tst&SJh. No.ajig. 

1.73 to 0 1 


8 

B 

lBt&2dh. No. 4 jig. 

l.BStoO 1 


9 

B 

lst&2dh.No.Bjig. 

1.09 to 0 1 


10 

B 

T. Nos. 2 A 3 Jigs... 
Hutches No. 10 jigs 

lat sp. No. 2 hy. cl. 

4.76 to 0 


12 

B 

8.64 to 0 1 


13 

B 

2d spigot of same.. 

S.MtoO 1 


14 

B 

3d spigot of same.. 

S.MtoO 1 


16 

c 

J HwtchesNoB.12, { 

1 18 and 14 jigs. I 

1.Q5 toO 

46 

1 

B 

1st sp. No. 1 hy. ol. 

4.70 to 0 1 


2 

B 

2d spigot of same.. 

4.76 to 0 1 


8 

B 

Sd spigot of same.. 

4.70 loO 


4 

C 

4tb spigot of same. 

4.76 to 0 J 


5 

C 

5th spigobof same. 

4.76 toO 


6 

C 

6th spigot of same. 

4.70 to 0 1 


7 

B 

j Ist hutch Nos. } 
J 1 and 2 jigs, f 

8.29 to 0 1 


8 

B 

i 2d hutch Nos. / 

1 1 and 2 jigs. ) 

1.73 to 0 1 


9 

B 

j 1st hutch Nos. / 
1 8 and 4 jigs. | 

1..30to0 1 


10 

B 

j 2d hutch Nos. 1 

J 8 and 4 Jigs, f 

l.SOtoO 1 


11 

B 

j Ist hutch No.s. 1 
] 6 and 6 jigs. ( 

1.17 to 0 1 


18 

B 

(2d hutch Nos. 1 
( 6ADdCjigS. [ 

1.17 too j 

47 

1 

B 

(*:’) 

25.4 toU 


9 

B 

1st sp. No. 1 hy. 0 ) 

1 4.76 too j 


Net 

Diameter 
of Screen 
Hole. 


Mtn 
1.73 f 
i.r.-, f 
1.55 I 
I 09 1 
1.09 I 
().«t \ 
1.78 
i.r>5 
i.no 
1.55 
1.09 
1.09 
1.09 
0 HI 
O.Kl 
1.09 
O.Hl 
G.Hl 


Ratio of 
Diameter of 
Screen Hole 
to Diameter 
of Feed. 


1.55 

1.09 

1.09 

1.55 

l.OU 

O.Kl 

1.09 

1.09 

0.81 


8.90 
1.78 
1.73 
1.30 
1.30 
1.80 
1.17 
1.17 
1.17 } 
1.09 j 
1.78 
1.30 
1.80 
1.80 
1.17 
1.17 
1.80 
1.17 
1.17 
1.17 
1.17 
1.09 
1.17 
1.00 
1.09 
1.09 
0.97 
0.97 

1.91 
8.85 
8.46 


1.0 to inf. i 

0.90 to “ V 
0.03 U> 

0.90 to 
O.OSto 
0 03 to 
0.70 to 
0.52 to 
0.52 to 
1.0 to 
0.74 to 
0.74 to 


Material of Bottom 
Bed. 


Makes own bed 
1C. 


. No. 2 jig,) 
’Gt<)2.29iuni. | 


Tiiick' 
ness of 
Bed. 


Ratio of 
Diameter 
of Bed 
Material 
|to Diame¬ 
ter of 
Feed. 

<h) 


Makes own bed.. 


I 


1.61 to inf. I 

I. 4314» “ y 

J. 43to “ 


Copper Run d-.... 
Makes own tied. 


0.48 to inf.) 
0.36 to “ ^ 


Makes own bed. 


0.76 to inf. 
0.57 to “ 
0.57 to “ 
0.75 to “ 
U.tSSto “ 
0.68 to “ 
1.0 to “ 
0.90 to “ 
0.90 to “ 
0.90 to “ 
0.90 to “ 
0.84 to “ 
1.0 to “ 
0.93 to “ 
0.93 to “ 
0.98 to “ 
0.88 to “ 
0.83 to “ 
0.08 to “ 
0.70 to “ 
0.62 to “ 


C. C. No. 1 jig, 
4.76 to 2.29 mm. 


Makes own bed. 


fiKl ^Battery residue of steam stamps, (n') Both Seves skimmed every six hours and the skimming* go 
every thrw days. (pO By skimmingeverv seven days. (g'). Automatic dlscUrges o« 










































JI&8. 


567 


TABLE 283.—runposE and adjustments of jiqs.— Continued. 

jig taken in order froai tbo head to the tail. 

Br.=Bryan; br’k'r—breakei*s; c.=c<»nc«iitrBt<*K; C. c.=Coar8e concentrates; Cl.=Cleanlnff; cl.—classifier; 
Ington mill; Hunt.-Huiitingt-on; liy.-hydraulic; hy. cl.=hydraulie claBBifler; inf.=lnflnity; j.=jlg; K.=; 
pr. or prectid’g=pt*«ee<ling; p. t.—picking table; r.= rollH; K.=:sleve; 8c.=Bure,en; am.=8nielter; 8p.=8|)igot; 
unw.=uu\vaten*r or unwatcred; TJiiw. b.~TJnwutenng box; Z.-Zinc. 


i Coarse 
g g Concentrates, 
a a How Ihmioved. 

a » 


4-1 8 Aut. dls. (nO-... 

4 (oO 

5 ip') 

6 (g') 


Destination of I'nxlucfs. 


Concentrat4.*a Proilucts 


Amount of gs 
Plunger £.5 
Throw. 1 


Automatic 2 - — 

Discharge. .|f|| 

«4 m W p ® 

® . ® . oS® 

*^Q tsS ®Obll 

•a? ti -ss? ■s"! 

SO ‘SO «aoO ceo® 
K K S 

In. In. 

1 'i” ''nTB" 


Inches. 

(n') No. 7 jig... No, 10 jig.. % 


No. 8 jig.No. 8 jig... Waste.. 

No 4 jig.No. 9 jig.... ” , 


(1) Aut. di.s. 

(2> 

(r') . 

(81 

(s') . 

{!) 

ir’) . 

(2) 

it') » 

(8) 

((') . 


I ojSameaapreced' 


( 1 ) Kinoltcr.1 

(‘.J)Hel«*rii iniilsV 
Ch No. 6 jig.... 1 
(l)Hehen» mills) 

(a) N(). n ;iig... y 

(8) Smelter.i 


Smelter. 

Hcberll mills. 


14 Same as precod' 

15 W 

5 ’ l(8)AUt (llB.... 
S <.r) 

. 1 (1) (o') 

* 1 ()i) la") 


(0) (»') 

(0) ^'> 
8 i <fi) (rO 
(8) (r'j 


Hcberll mills .... No. 11 ilg . 

“ .... SmelUsr.... 

Smelter.-j (a!!'®™. i 

I (l)Smcit4*r. ) 

“ ..^(2)tNo. 15 y 

1(8)1 J»g. ) 

? Same ospreced'g No. 15 jig... 

Sme1tf>r.fonelter.... 

dlSmeltop.(1) No. 7 jig. I 

(2) Steam stamp.. (2)No. Kiig. ) 

.i IsiNmsfe: [ 

1 (l)N...B3ijt I 
.1 (S)No.JOjtg f 

(1) No. 8 jig.(l)No.t»j1g I 

(2) Steam stamp. t2)No. lOjig f 

qnmAnanr i (DNo. lljlg 1 
hameaapr.-j ,jj, fjo. isjiu ( 

1 (DNo.nJitr I 

■•••1 PlNo.WjiK f 

[.pj I Smelter.J^j|sm.... I 

b) Steam stamp.. (8) Kieve... j 

I 

' Same as proced'g Same as pr. 


\hh%\ 


, 0) Smelter. 
®[Kteve., 




47 1 Skimming.ISmelter.No. 1 hy. cl. Steam st... lU . 1J4 2 1.25 0.44 

a « j(l) PickmgtablcB(l)No.6jIg.l.wo«+» i % I mo 

* . .) 1(2) Steam stamp. (2) No. 7 jig.) f •• 1_ f |. 

ings; Class C makes hutches and tailings, (b) These are thu ratios of le maxim’m grains of each material, 
to No. 2 jig. The second sieve has also an automatic discharge which goes to Heberli mill, (o') By skimming 
sieves: the second sieve Is also skimmed every twelve hours and the third sieve every three hours. Discharges 
three noun. (fO By skimming every three weeks. (uO Automatic discharges uid also skimming everr 
and by skimming on all three sieves, {x*} By automatic disch{u*ge on the third sieve and by skimming on all 
every twenty-four hours. 
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TABLE 283. —PURPOSE AND ADJUSTMENTS OF JIGS.— Continued. 

■Not*.- In some cane« several values will be found for one jig. These are for the different sieves of Uie 
Abbreviations.—Aut — Atitoniatic; Aut. dip.rrAutoniatic discharprej b. cl.sbox classlfler: B'lowsBelow; 
diR.=<.lis’ harfie: di8t.=diHtrd)utor', (lr.=Oraded from; H.= Hutehes of; h.=:huteb; H. m. or Hunt. ni.=Hunt- 
Kieve; L =Lea<l; lbs =pounds, ni =mill; ina.s= machine; Max.=Maximum; No.=Nuniber; Ov.^Overslze of; 
Bt.=slHinp; St. Kt.=Ktea?n stamp; T.sTailings of; tr.stronunel; TiMna.=Tninkingmachine; Un.=UnderBl 2 e. 



2d spigot of same.. 

8d spigot of same.. 

4th spigot of same. 

\ 1st hutch Nor t 
I 2 and 3 jigs, f 

j2d hut(!h No.s. 1 
{ 2 and 3 jigs, s 

J l.Rt bulcli Nos. I 
i 4 and 5 jigs, f 

J 2d hutch Nos. I 
} 4 and fj jigs. J 

IstRp. No. 1 hy. ol. 

2d Kpigot of flame.. 

3d spigot of same.. 

4th spigot of same. 

11st hutch Nos. i 
( 1 und 2 jigs, f 

j8d hutch Nos.-I 
] 1 and 2 jigs, i 

J 1st hutch Nos. I 
1 3 and 4 jigs. ) 

j 2d hutch Nos.! 

I 3 ami 4 jigs, f 
' OsersiKo No. 2 tr... 
Over.sizrt No. 8 tr... 
Spigot No. 1 hy. cl. 1 

Overside No. 2 tr,.. 


4.76 to 0 j 


4.70 to 0 J 
4.76 too .! 


1 

1.73 toO I 


4 to fi mesh.. 
H to 12 meah 
12 mt'Hh to 0.. 


. Makes own bed. 


JC. c. No. 2 jigJ 
1 4.76 to 3.85 mm.} 


7 to inf. 1 1 

r* to > Makes own bed., 

D to H 


i“ I J C. c. No 6 jig, 
Ijj .. f t 8.36 to 1.91 mm. 
to * J 

^to V « 

no “ I 

no “ [ Makes own bed. 


• Makes own bed.. 


fC. c. No. ! jigJl 

I 4.7B to 2.29 uim. j 


i; i |C. c. No. 5 jig.l , a 

i, I ] 2.29 to 1.78 mm. 1 . 

:: [ " . ‘-o 


Makes own bed.. 


o.rotoi.i ) 
0.67to0.03^ 
0.67 to 0.93 I 


iMakes own bed.. 


jOvereize No. 8 tr. 


8 C Oversize No. 4 tr...I 8tol.2j 


8.25 1.1 to 2.6 


4 C Oversize No. Btr...} 


1.70 -to 1.1 


. Makes own bed. 


J Hutch No. 1 jli 
{ 8 or 4 to 6 mesi 


.H.No.2j.,6to8ine8h .. 


87 1 B OverslieNo. atr... 4m^. 

2 C Oversize No. 3 tr.,. 6 to 8 mesh, 6 mesh. 

8 C Oversize No. 4 tr... 8 to 12 mesh. 8 “ , 

4 C let Bp. No. 1 hy. oi. 12 mesh to 0 10 

6 C 2d spigot of same.. 12 mesh to 0 12 “ I 

6 C SpigotNo.ahy. Cl, ]«e»hto*0 \ 

66 1 C lOversizeNo. 2tr... 8 to 6mesh. 8 mesh. 


(a) Claw A makes coaree concentrates and tailings; Class B makes coarse concentrates, hutches and tali- 
(o') By skimming every three days. (rO By skimming every twelve hours, (v') By skimming every six hours, 
eight hours, (d") By skimming every forty-eight hours, (e") By skimming every eighteen hours. (/")A.a 
Qnvity stamps oy uowatering imk. 















































TABLE 283.—PURPOSE AND ADJUSTMENTS OF JIGS.— ConUtlUed. 

taken is order from the head to the tail. 

Br.=Bryan; br’k’r=hreakers; c.^concentmtea; C. c.=rCoerM conoentrates; Cl.-CleanInK; cl.=cl^fler; 
Ineton mill; Hunt.=HuntJDjcton; h^.=hydraullc; by. cl.-hydraullc claneifier; inf.ssinflnity, j,=jig» 
pr. or preced'gsprecediDg; p. t.=:pTeking table; r.=rollB; 8.=Bieve; Bc.=8creeD; 8m.=wnelter; 8p.=Bpigot, 
iinor —or iJDwafcered: Unw. b.=UnwaterinK box; Z.—Zinc. 


Destination of Products. 

Coarse - ^ Amount of 

Concentrates. TTiif.nh 

How Removed Coareo Hutch Tft.lHn«* Throw. 

HOW nemoveu. Concentrates Products lamngs 

to to ^ 


Automatic « Sw 
« Discharge, -gg | 

II ■;;; 

^ li 2 , tVc 
fi s°| 

oP. XO 4.C1 «oO 

!5 a w « 


(2) No.9pg. 

>hsm.... 

h) Bm.orK. 

(1) Smelter. 

(2) Sm.orK. 

(3) Kieve... 
^1) Smelter. 

Ill [ Kieve.. 
(1) Smelter. 
IjtKieve.. 

(1) No. 6 Jig. 

(2) No. 6 jig. ( 

(1) No. 6 jig. I 

(2) No.« jig. I 
0) No. 7 jig. 1 
(iflNo. Sjig. ! 
(I)No.73ig. 1 
<2jNo.83ig. : 
;j][sm ... I 
(») Rejigger ! 


Smelter.... No.J unw.b. 


Aut. discharges 


Aut. discharges . Smelter. 


I cr« Hunt, mill 
^tor un¬ 
ci. lig... watering. 
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TABLS 283 . —^POEPOSE AND ADJUSTMENTS OF JIGS.— Concluded. 

Kon.^oln Bome caHes several values will be lound for one Jig. These are the difTerent sieves of the 
Abbreviations.—AutsAutomatic; Aut. di8.sAutomatic discbarge; b. ci.sbox clasHifler; B'lowsBelow; 
dtABdischarge; dist.sdlstributor; Gr.ssGraded from; H.=Hutcbesof; h.=:hutob; H. m. or Hunt. m.ssHunt- 
Sbieve; L.s;Lfead; lbs.=spound8; m.smill; ma.=mach{ne; Max.=Mazimum; No.=Number; Ov.^Oversize of; 
stsstamp; trt.st.=8team stamp; T.sTaillngs of; tr.=trommel; Tr. ma.=Tronking machine; Un.ssUndersfae; 



(a) Class A makes coarse uoijcuntrates and tuiliugs; Class 11 makes <x)ursu L'ou(‘euti'ate.s, hutches and tail' 
({') Gravity stamps by uuwatering box. 


Jigs treating sized products from screens: Cdass A, 76; class B, 12; class C, 
26; class A or B, 1; total, 115. 

Jigs treating first spigot product from classifiers: Class A, 0; class B, 33; 
class C, 21; class B and C, 1; total, 55. 

Jigs treating later spigot products from classifiers: Class A, 0; class B, 32; 
class C, 55; total, 87. 

Jigs treating natural or unsized products: Class A, 0; class B, 7; class C, 5; 
total, 12. 

Jigs treating hutch products of preceding jigs: Class A, 0; class B, 17; class 
C, 8; total, 25. 

Jigs treating tailings from preceding jigs: Class A, 0; class B, 2; class C, 1; 
total, 3. 

Jigs treating both sized products from screens and hutch products from pre¬ 
ceding jigs: Class A, 0; class B, 3; class C, 0; total .3. 

Class A, including jigs which make coars" concentrates and tailings with inci¬ 
dental hutch. —This method of jigging is ap])lical)lc only to sized products, it 
being used in ibis country on about two-thirds of all the jigs of the group. The 
advantages of jigging sized products by this method arc, that the jig makes its 
own bottom bed and, therefore, saves the wear on special bottom bed material,’ 
as well as the trouble and expense of providing it, and that there is no grain in 
the feed which is the same size as the sieve hole to cau.se blinding of the sieve. 

There is one jig in this group (No. 2 jig of Mill 16), which is noteworthy as 
making no coarse concentrates on its last sieve. This is probably due to the fact 
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TABLE 283. —PCEPOSE ASD ADJUSTMENTB OE jlQB.—Conchded. 

jig tftken in order from the head to the tall. 

Br.sBryan; br'k’rsbreakera; c.sroonoentratea; O. c.sOoarae coooestmtes; Ol.ssCleaiiing; cl^ssolaselfiv; 
Ington mill; HuDt.=HuDt)ngton; hr.ashydrsulic; hy. ol.shydrauUo classifier; inf.shiflnity; j.sjig; S.k 
pr. or preoed'g^preceding; p. t.=pfcking table; r.=roUs; s.agieve; BC.s:Bcreen; soLsssmeuer; sp.»«;>igQb; 
uDw.suDwatereror unwaterod; Unw. b.^Unwaterlna: box; Z.=Zino. 


iNone.. 


Coarse 

Conceatrates. 
How Kcmoved. 


Aut. discharge. 


None.. 


Destination of Products. 


Coarse 

Concentrates 

to 


None.. 


Smelter....! 


P)) 

kS) )-Stiielt<T. 

!(»)( 

(4) Itejigged. 


Sameaspreced'gj 
None....<1 


Hutch 

Products 

to 


in 


Stamps 6... 


{1)1 

(2) 5-8m.... 
( 8 )) 

(4) Rejigged 
Sameaspr.l 

gns».. 

(8)Rejlggcdi 
Smelter.... 
:(1) Smdter 
l(2)Reilgji^d; 


Tailings 

to 


Waste.. 


Amount of 
Plunger 
Throw. 


Inches. 

H 

H 

%J4,A 

»,A. A 
A. A. % 




Automatic 

Discharge. 




In. 


,4> 

,oOa 

hS«MjE 


II 

i 


logs; Clans U makes hutolies and tailings. (&) These are the ratios of the maximum grains of each material. 


that the j. revious sieves remove all the concentrates, so that the last one has noth¬ 
ing to do or simply acts as a puard. 

Clasit B, including jigs which make coarse concentrates, hutch and tailings .— 
This method ot jigging is tisod on more jigs than class A. It is used on all kinds 
of products, hut it is especially applied to the first spigot products from classifiers 
and natural products, such as the entire undersize of a trommel in the Missouri 
lead and zinc mills (9, 10, 10 and 25), the jiroduct coining to an intermediary 
jig (Jig 4, Mill 23), and that coming to the cover jigs of Lake Superior (No. 1 
jigs of Mills 44 and 47). 

The advantages of jigging sized or unsized products by this system are: It 
makes it.s own bottom bed, with a relatively coarse sieve; there is a freer passage 
of the waiter; and giontcr capacity s obtainable, since the concentrates are re¬ 
moved from both discharge and hutch. With strong suction it may not cause a 
serious loss of It may do away with more or less preliminary screening and 

classifier work, that is, do away with the necessity of close sizing, owing to the 
fact that the bottom bed is more open for the action of suction. 

The disadvantage is that there is a large percentage of particles of the same 
size as the holes of the sieve, and these tend to blind the sieve; they do so all the 
more, owing to the .strong suction which is needed. There are exceptions to this 
rule. The jigs treating the first spigot products from classifiers in Mills 44, 46, 
47 and 48 have their screens protected by flat, heavy scales of copper, which 
guard the sieve, and also by the gentle suction action given by the Collom jig. 

The Missouri zinc jigs (Mills 9 and 10), arc not reported as giving serious 
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troiiblo in this respect. This may bo due to the coarseness of the sieve and to the 
fact that it is freed by blows of the coarse fragments of the bottom bed. Some 
of the jigs in this clas.s deserve especial attention; for example, Mills 15, jig 4, 
lR-3, 51-7, ,52-5-6-8-9, 33-4, 35-9-10-11, 36-4, 38-5-9-13-14, 39-9-10, 41-5, 

42-3 and 13-9, all omit the automatic discharge on one or more .sieves, the reason 
being tliai there are not enough eoanse concentrates formed to rnn continuously 
from all the sieves. The choice of the di.scharges to be plugged varies on different 
jigs. Of the above 22 Jig.s, 15 plug the earlier discharge.s, 4 plug the later ones, 
and 3 plug the middle one.s. On other jigs, for example. Mill 22, jig No. 4, the 
difficultv Ls overcome by running the di.scharges intermittently. 

digs No. 9 and No. 10 of Mill 39 vary from all the others of this class in that 
there is pul upon them a thin bottom bed in addition to the bottom bed which 
they make them,selves, making a total thickness (d' bottom bed of 2i to 3 inches. 
In this case the gate of the automatic discharge ha.s to be high enough so that 
the coarse concentrates may pass out over the bottom lied material without dis¬ 
turbing it. Jigs No. 7, 8, 10, 11, 12, 13 and 14 of Mill 38 and jig No. 9 of Mill 
43 also have a bottom bed put on. 

426. tVfl.s's V, iiicliidiiiff jigs which maV.u only hulch and tettinr/s.—This 
method is used upon all kinds of tine products and more jigs are run this way 
than by either of the two other methods. It is especially applied to the later 
spigot products from classifiers, which arc necessarily fine. It is also commonly 
used for jigging coal with a feldspar bottom bed. 

The adiantag's of this method of jigging siw'd nr unsi^fcd jiroduets are: It 
increases the capacity of a jig over Class A liy discharging concentrates all over 
the sieve instead of in one jdacc only, making it jiarticularly favorable for an ore 
with a large percentage of concentrates, and sometime even, th(‘ capacity may be 
over Cla.«s B, because a coarser bottom bed and sieve can bo used; it requires less 
attention than A or B, it being easier to regulate the discharge of concentrales 
through the sieve than in other methods of discharging; no size of grain is fed to 
it which tends to blind the screen, the only grains of that character b('ing those 
which accidentally crumble off the bottom bed; close sizing is not so nece;s.“ary 
with sized feed; it uses a coarser screvm and, therefore, has a freer passage for 
the water and a freer working whole bed. 

The disadvantages are that the heavy, coarse bottom bed required for large 
sizes consumes more power to rai,sc it, and the bottom bed wears nut more or less 
rapidly and mnst be replacc'd. There will naturally be a limit beyond which it 
will not pay to take advantage of this method. Examples of the limits in the 
mills are as follow,s: Mill 13 has a maximum grain of 19.1 mm.; Mill 14, 22.2 
mm.; Mill 21), 6.4 mm.; Mill 26, 5.7 mm.; Mill 86, 9.0 mm. Kunhardt gives 
the maximum at Lauremberg as 35 mm. 

In this cla.«8 will be found many jigs wbich would appear at first sight to belong 
in Class B, that is, the maximum grain fed to them i.s larger than the size of the 
■ hole in the sieve. The reason that no coarse concentrates are made is that, for 
the most part, the.se jigs treat the later spigot products from classifiers in which 
the coarser grains are all gangue and the finer portions contain the mineral, and 
the screens usf'd need be. only coarse enough to allow the latter to pass, but not 
necessarily the former. Mill 43, jigs 7 and 8, Mill 4 7, jig 8 and Mill 48, jig 7, 
are not spigot jigs and cannot be explained in that way. The inconsistency in 
them is probably due to the fact that the feed is finer, or the screen hole is larger 
than given in Table 283, but as to which is in error, the author is unable to say; 

Many mills have products which seem well adapted for this treatment, but 
yet it i.s not us'ld. This is accounted for in some mills by the fact that no suit¬ 
able bottom bed material is at hand to supply to the jig, and in others because 



§ 427 


JIGS. 


673 


the quantity of concentrates is not large enough to warrant its use. In the latter 
case the gangue would tend to work down into the concentrates, to prevent which, 
a boitoin bed too thick to be economical would need to be used. 

In this connection, the experience of Mill 21 is noteworthy. Here the dis¬ 
charge of coarse concentrates was tried and condemned as too slow for an ore 
with so large a percentage of concentrates. As a consequence, all the jigs form 
concentrates in the hutch only, except No. 1 jig, which has to make its own bot¬ 
tom bod, there being no other material suitable to put on it. 

§427. Size of Steve IIoi.e. —This alfects the jigging in other ways than by 
the percentage of opening already discussed (sec §417). The larger the hole, 
relatively to the feed, the more freely will the fine grains reach the hutch and the 
less will the whole bed be clogged by their presence. 

The practice in this matter may be (ixpressed by the ratio of the diameter of 
the hole in the sieve to the, diameter of the grains in the feed. This ratio has 
been computed and is given in Table. 283. These ratios are divided into three 
groups corresponding to the three classes of jigs just considered. 

'I’hc jigs of class .4 make their own botioin beds and the ratio is less than 1.0. 
Th(! range, as shown in the table, is from 0.0!) to 1.0. It is probably best to use 
a large ratio, as the coarse sieve will la.st longer and cost less. This jig will bo 
run with little suction. Linkenbach (see Tabic 280), recommends for this class 
of jigs the ratio for the size of hole to the minimum size of feed, 1: 2 for the 
grains above 5 mm., 1 : IJ for 3-mm. and 1 : 1 ^ for 2-min. grains, and below 2 
mm. he recommends that the jig treating sized products be put into Class B. 

Jigs of Class B make their own hottorn beds and the ratios for the diameter 
of the hole to the maximum grains of the feed, range from 0.08 to 1.3 and for the 
minimum grains from 0.!)3 to 1.4 on sized products and to infinity on other 
products. For consistency, the ratio for the TnaxiTnnm grain must lie below 1.0 
and that for the minimum above 1.0, and the ineonsistoneies in the table are prob¬ 
ably due to inaccuracy in designating screens. It would seem best to have the 
ratio for maximum grains nearly equal to 1.0, as this secures large interstices and 
as free passage as possible, in which the suction may act. This jig needs a thicker 
bottom bei: than a Class A jig, because it will be run with strong suction, but 
thinner than a Class C jig, h(‘cau.sc its interstices arc so small. 

The jigs of (da.ss C should have the ratio greater than 1.0 on all products 
except the later spigot products of a elassifier and the tailings of jigs, in order to 
let the concentrates through the sieve. On the.sc two, however, it may be less 
than 1.0, owing to the fact that the concentrates are all in the finer part of the 
feed. No ratios are given on the later spigot products from the classifiers, as 
the data on the size of grains is too uncertfiin. On other products the ratios 
range for the maximum grains from 0.6 to 2.3 and for the minimum grains from 
1.6 up to 3.1 for sized products and up to infinity for other prodinds. Any incon¬ 
sistencies are probably due to irregularities of sieve holes. The ratio should 
never be large enough to allow the bot'om bed material to pa.ss through, probably 
never greater than 3.5 (.see § 430). 

Jigs of Clas'cs B and C in many mills use a larger hole in the first sieve than 
in the later one.s, because the first sieve is called upon to make so much more 
hutch work than the others and, therefore, needs to work freely. Mills 22 and 
30 use this principle even in jigs of Class A. 

§ 428. Matebtal of Bottom Bed. —The remarks in general under this head 
apply not only to the bottom beds which are put upon jigs, but to the bottom beds 
which naturally form on them. The bottom bed sho‘ Id be as nearly as possible 
of the same specific gravity as that of the concentrates; in fact, the same mineral 
should be used whenever possible. If much heavier, it requires excessive power 
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to lift it and in that case causes excessive boiling of the top layer, and if it is not 
lifted, the quicksand effect of the liquid bottom bed is lost and it simply^acls 
under hindered settling conditions in many small tubes. These remarks do not 
apply when a few shot are mixed with the ore. If the bottom bed is much lighter 
it lets gangue into the hutch. 

From the above statement of principles it will be seen that it is suitable to 
supply the earlier sieves of a jig with a bottom bed of the purest mineral and the 
later sieves, which are used to remove the last and most-difficult-to-cateh particles, 
with one of middlings composed of included grains of gangue and concentratea 
This practice is quite general. 

If the bottom bed is of low specific gravity, for example, middlings or even 
blende, it refuses to remain level (see Fig. 333); it forms much dei‘[)er at the 
tail than at the head and is in danger of working off over the tail. This difficulty 
is met in two ways: In Mill 9 the sieve slopes up one inch in its length so that 
the sieve becomes approximately parallel to the surface of the blende bottom bed. 

In this way a bottom bed of even thickness is obtained and it may be made of 
less depth. In Mills 13 and 14 cross partitions arc u.si'd to prevent the crawling 
of a pyrite bottom bed. In the former there are two on each sien-, J inch high; 
in the latter (here are three on each sieve, .) inch thick and inches high. On 
the fine jigs. Nos. 3, 4 and 6, of Mill 20, two cross jiartitions are used even where 
the specific gravity is high. 

The bottom bed should not be of too soft mineral, as excessive abrasion will 
take place, causing loss and requiring frequent renewal. Fortunately, most of 
the abraded ])artiele.s of a heavy mineral, like galena, go into the hutch, which 
largely overcomes the loss. The most unfortunate combination would be where 
chalcopyrite is used, as this mineral is both soft and of low specific gravity, and 
its fine abraded particles would be largidy lost in the tailings. 

As an p,sec]ition to the statement previously made in regard to the specific 
gravity of the material of the bottom bed, galena has been replaced by iron shot 
or iron punchings'; for exanqde, iron shot has been successfully employed at 
Ammeberg as bottom bed material, jigging galena, blende and limestone. It 
* should be noted that iron punchings or shot rust into a solid cake in an idle mill. 
They should, therefore', be removed when the mill is stopped. Pyrite has like¬ 
wise been used to replace chalcopyrite or blende, on account of its hardness'. 
Davies reports the use of shot made of an alloy of iron and aluminum which has 
the advantage that any desired specific gravity may be obtained by mixing the 
metals in suitable proportion. 

As shown in Table 283, lead shot in a thin layer has been used sucoesafully in 
Mills 20, 2(5 and 28, either alone or with some coarse ore—in the first case, for 
jigging pyrite; in the last two, galena. In Mill 20 the bottom bed of the No. 1 
jig is but I inch thiek. Mill 28 used it mixed with ore on fine jigs where the 
whole bed hardened up badly, probably from barite, obtaining thereby a much 
freer and more lively whole bed, and when very soft lead ore was being concen¬ 
trated, lead shot alone gave good results. Mill 26 found it gave a nice, clean 
screen and prevented blinding, requiring less frequent cleaning of the sieves. In . 
South Africa load shot arc used as bottom beds on jigs for washing diamondif- 
erous earth. 

Certain hard, heavy minerals are occasionally available to Iw used as bottom bed 
material, for example, magnetite. Feldspar is much used for jigging coal on , 
account of its weight, which is the same as that of the slate, and of the fact that 
it breaks into elongated and flattish fragments which are considered favorable to 
jigging. ■ In regard to this, Lamprecht holds that when the grains have become 
rounded by wear they should be replaced by new feldspar. 

Armitage” recommends that a strip of screen plate 6 inches wide with larger 



holeB in it be put in the trommel which feeds a jig, to famish snfScient coarse; 
material to keep up the bottom bed automatically. 

§ 429. Thickness of the Bottom Bed. —The thicker the bottom bed, the less 
freely the concentrates pass through; therefore, the cleaner will be the hutch 
work. With a thin bottom bed the opposite is true, as is shown by the No. 1 jig 
of Mill 20 which has a bottom bed only ^ inch thick and makes a small amount 
of tailings. If the bottom bed is too thick, a portion of what should go to the 
hutch fails to do bo, and may be lost in the tailings. For an ore with a large 
percentage of concentrates, we need a thin bottom b(>d; for the reverse, a thick 
bottom bed. This may be constiamd as an argument for placing a thicker bottom 
bed on a later sieve, as is shown in jigs 3, 4, 13 and 14 of Mill 38. An argu¬ 
ment may be given for the exact reverse, namely, in ord(!r to guarante(! that the 
tailings arc completely robbed of values, it may he better to h't a little quartz go 
into the last hutch with the tine concentrates. If so, then the bottom bed on the 
last sieve will be made thinner. The mill man will have to decid(> between these 
tw'O arguments which to follow. If he is trying to keep quartz out of the 
concentrates, then the former will be the method; if to extract the last possible 
grain of value from the tailings, then the latter. 

Table, 283 gives the thicknesses of bottom beds used in the mills. It will be 
seen, on comparing this with Table 271, Unit the bottom bed is generally about 
one-half the height of the tail. A good method is to make, the bottom bed of this 
height and if it yiroves too thick or loo thin, the desired change may be made. 
On a jig that makes its own bnUom bed and has automatie diseliarges, this is 
done by running the untomalic discharge a littli' more freely to thin tho bottom 
bed and less freely to thicken it. On jigs which have bottom beds provided, the 
material may be added or removed, as di'sired. 

Jn Mills 9 and 10, for tlu‘ No. 1 jigs, separating blende from limestone, the near¬ 
ness of the specific gravities of the two minerals would seem to suggest a thick 
bottom bod, hut, on the other hand, thp jigs aiv called upon to treat a large 
amount of ore with high percentage of eoneentratos, to jig all sizes together, mak¬ 
ing finished coarse concentrates and tailings as clean as possible and unfinished 
hutch work. To accomplish all these, the bottom bed of blende is kept quite thin. 

Kunhardt found that in Enrojican practico hotlom beds varied from 20 to 80 
mm. thick and that tho top layers were from 30 to 100 nnn. thick. 

§430. The Size of Guain's of the Bottom Bed. —This affects the quality 
of the hutch product more than almost any other factor. If coarse, the bottom 
bed will have large interstices and will discluargc hutch freely; if fine, the reverse 
will be tho case. According to the aulhor’s measurements, the particles of ore 
will freely move down in the interstiecs of the bottom bed when the diameter of 
the grains of the latter is 3.5 or more times that of the former (sec § 474). We 
can, therefore, n^gulato the fn'cdom of discharge ns readily by the siz<' of the grains 
as by the thickness of the bottom bed, or both. These adjustments miiy be used at 
the same time. A thinner, finer bottom bed may have the same rate of discharging 
hutch as a thicker, coarser bottom hod, hut the latter wdll have a thhmer top 
layer which is more advantageous when jigging very fine material. 

Wh.cn the bottom bed is extremely coarse, the interstices will ho so largo that it 
does not move during pulsion, and the interstiecs act like so many tubes, the 
specific gravity of the grains having no effect upon the operation. Under these 
conditions the jig simply acts by the law of hindered settling and gangue is pre- 
Tented from entering the hutch only by the application of sufficient hydraulic 
water. When, howeviw, the interstices are smaller f..id the bottom bed rises, be¬ 
coming liquified (quicksand) during pulsion, then all the gangue is pushed above 
it, and if the bottxim bed is thick enough, or the suction not too great, no gangue 
can come into the hutch. 
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Eeferring to Table 283, we see that in the mill practice, for jigs which have 
bottom beds put on them, the ratio of the bed material to the feed ranges from 1.06 
to 7.8, with an average of 2.9, indicating that the author’s figure 3.5 may work 
a little too freely in the majority of cases. Or, in other words, the process of 
natural selection has settled u])on a figure below that which works with perfect 
freedom; in fact there arc only 8 out of the 33 that are above the author’s ratio. 

Jn all this discussion the author uses the ina.vinium diameter of ore and of bot¬ 
tom bed material in calculating his ratios. The finer grains associated w'ith the 
coarser part of the bottom bed give smaller inter.sticcs- than if the finer grains 
were left out; but, on the other hand, the finer grains of the feed pass through 
to the hutch more freely than the ma-\imum grains. These two errons, therefore, 
in a measure balance each other and prevent the resulting error from being 
serious. 

Mills 13 and 39 recommend that the bottom bed be of the smallest size that 
will not go through the shwe. Kunhardt, in giving European practice, states 
that a bottom bed of 3-imti. stuff will prevent gangue, though it is finer than 
1 mm., from passing into the hutch. On jigs which bring their own bottom bed 
material in the feed, the ratio is 1.0 and these jigs will always be tight, unless 
the bottom bed i.s rather thin, the sieve is coarse, the pulsion is increased, or the 
hutch water is increased. 

Kemovai, of Hoarse Concentrates.—T his may be done in either of the two 
following ways: 

(1) By skimming. 

(2) By automatic discharges run continuously or intermittently. 

§ 431. (1) Skimming the Sieves. —To do tbi.s, the feed sand, the feed water 
and hutch water are all shut off and tlie water drawn down till its top is below 
the level of tlie sieves. The spigot.s are then plugged. The top layer of gangue 
is now skin.med off and laid one side upon either a fixed or movable apron, by a 
hoe, the handle of which is cut off to about 1 foot long, lii.stoad of a hoe, a bent 
piece of metal, 0 indies by 8 inche.s, may be used, and for the bottom hud, wooden 
skimmers are recommended by Linkenbadi, to prevent injury to the sieve. If 
desired, a middling product is then sk'inimcd off and placed by itself. Then the 
concentrates are skimmed off and the .sieve is cleaned, if neces.sary. This is done 
by scraping it with the edge of a sjiatula 2 inches wide and It) inches long, of 
galvanized iron with rounded end, and by slapiiing it with the flat side. Then a 
small portion of the coneentrates are put back for a bottom bed; the top sand is 
replaced, the hydraulic water turned on and tlie feed started, the spigot plugs 
removed and jigging thus rwuined. Sometimes a rough skimming is made 
quickly without stopping the jig. For example on a 2-sieve jig the first sieve 
of which had automatic discharge and the second did not, the aiitlior has seen 
some of the coarse concentrates quickly skimmed from the second sieve, when 
the bottom bed became too thick, and transferred back to the first sieve to be 
.discharged. 

Even when no coarse coneentrates are made it is frequently necessary to skim 
the sieves in order to clean them, as the sieves, especially of the finer sizes, become 
blinded periodically, that is to say, grains of ore become wedged into the roe.shes, 
preventing the passage of water or hutch product through them. In jig No. 1 
of Mill 20 which has a bottom bed of large shot, the sieves are cleaned by running 
a copper scraper back and forth while the jig is running, the shot doing the 
cleanipg. 

As shown in Table 283 skimming is not usbd nearly so much in American mills 
as automatic discharges. In the Freiberg district of Germany in 1892, out of 
32 jigs, 26 usqd skimnjing, while 6 had automatic discharges. 

Skimming has advantages over automatic discharge where there is a small pro- 
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portion of concentrates, as it would be impossible under these jonditioiis to regu¬ 
late a continuous discharge. It may do better work than the discharge, because 
the attendant selects the quality of products desired; and again the sieve is cleaned 
and the bottom bed carefully readjusted at frequent intervals. The disad¬ 
vantages are: the amount of labor required, if there is a large proportion of con¬ 
centrates, the time lost, the derangement of the mill work, and finally, the depth 
of the bottom bed is too variabk; for the best work, beginning at the smallest 
allowable thickness and increasing to the maximum. 

Skimming is the rule in the native co]iper mills of Lake Superior, where there 
are but very few eases of automatic discharge, while it is the exception in all the 
other mills. In the former, the jjercemtage of concentrates is not large enough, 
as a rule, for automatic discharges; the bottom beds of copper do not wear out 
and lose by attrition. The sieves need to be cleaned perhaps more often than 
with the brittle minerals. In the latter, the percentage of concentrates is, as a 
rule, much larger, so that continuous discharges may be easily run and the coat 
of labor and derangemnit of the mill from stopping to skim, would be very .=erious. 

The jigs which have their coarse concentrates removed by skimming are shown 
in Table ‘i83. Of tlumi. Mill 21, jig No. 1 is fed with a sized product; Mill 31, 
jig No. 9, with the first spigot of a classifier. Jn both cases the hole in the sieve 
is of about the sanie size as the maximum grain of concentrates and under the,se 
conditions a bottom bed accumulates so slowly that skimming must N; used. This 
avoids the loss by attrition of a bottom Ixnl whicii is ]mt on 
ami avoids tlu: ])oor jigging tight-bottom bed, which would 
result if a fine sieve was used. In Mill 21, jig No. 5 and 
Mill 30, jig No. 7, both are fed by the second spigot of classi¬ 
fiers. 'I’lieir sieve holes arc; mucli smaller than the maximum 
quartz grain and yet lai'ge enough to slowly accumulate a 
bottom lx‘d. 'I'liesc are skimmed for the .same reasons as the 
two preceding jigs. In Mill 12, jig .No. 4 is the only continu¬ 
ous plunger jig in a mill sujiplied with movable sieve jigs. 

It is natural that it should Ix' skimmed, therefore, to ke(>p the 
method uniform. In Mill 23 lh(> No. 1 jigs are skimmed 
every two hours to reduce the bottom bed from linehes deep to 
2 inelu's deep. .Ml the sieves in mills other than native 
eojiper arc skimmed oeeasionally to clean the sieves. 

Considering the native copper mills (41 to 18 inclusive), 

Mill 41, No. 2 jig has discharge on both sieves; No. 3 
on second sievo;No.O jig on first two sieves; No. 7on first sieve; 

No. 10 on its sieve; No. 12 jig on first and third sieves and 
No. 13 on the third sieve. In Mills It! and 48 automatic 
diseharg'c is used <)n the ,«eeond si(>ves of No. 1 jig.s. These discharges are in every 
ease on jigs which run freely enough to nin dis<liarges. All the other jigs of the 
Lake Superior mills are skimmed p'Tiodicaliy, as shown in Table 28.3, in some 
cases merely to clean the sieve, in others to remove coarse concentrates as well. 

Rittinger describes jigs with fixed sieves used in the early days, from which all 
the products, even the tailings were removed by skimming, as is the case now in 
hanu jigs. 

(2) AnTOM.iTic Discharges may be divided into two groups; 

(а) Gate and dam discharges; 

(б) Other forms. 

§432. (a) Gate aniI Dam Discharges —(See ifig. 334.)—These consist of 
a dam A, with an opening B at a height C above the sieve, running in guides and 
adjustable as to height, and a gate or enclosure E so arranged that coarse con¬ 
centrates in order to pass out through B, must first pass under E. The theory 
of the apparatus is as follows: If (? is the depth of the coarse concentrates and H 
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of '&e top layer outside the enclosure, and if C is the depth of coarse eonccntraliis 
inside, then, owing to the fluidity of the bed, C will balance 11 and (1, just as 
a shorter column of heavy liquid will balance a longer column of light liquid. For 
example, suppose quartz, specific gravity 2.6, and galena, speeific gravity 7.5, are 
being jigged, and 0 and U each equal 2 inches. If a column one square inch in 
section is considered, the weight of a cubic inch of galena being 0.2700 pound and 
of quartz 0.0936 pound, then the column G weighs 2X0.27=0.6400 pound, and 
the column H weighs 2X0.0936=0.1872 pound, and the column weighs 

0.7272'I'he height of the column 0 of galeua, necessary to balance G-f- 

n is 0 inches. The apparent error in assuming both columns to be 

solid rock is eliminated by the fact that they are both made up of jcartieles of 
approximately the same size with the same proportion of interstices. 

It is essential that the concentrates in the pen V behind the gale E .shall be 
loosened up and pulsated by the action of the plunger. This ]n'events the use 
of too small a pen in which the friction on the sides would hinder the lon.^ening 
action of the plunger, and also prevents the placing of the dam outside the; jig, 
where the concentrates would not be pulsatcnl at all. 

The liquidity of the bottom bed i.s such that it will approximately fiml it own 
level, and if galena comes to the sieve in the feced, the bottom Iced G will iin rea.so 
in depth and the galena will ri.«e above the height 0 and will overflow tliroiigli li. 
Owing to this fact, this di.“eharge is approximately automatic; for e.\am|)le, T 
galena ceases to come in the fcied, the depth G decreases until the depth of the 
galona is ecpml to the height V and it eease.s to overflow li. Tlie eomhfion under 
which it fails to be automatic is when G has been set low on account of a rush of 
galena, mid it is followed by a eessatioii of concentrates. Then the top layer of 
ganguc is almost certain to flow out under E into the coneentralcs. 


TABLE 284.— RATIOS OP IIEIOHT OF GATE TO THE IHAMETER OF THE MAXIMUM 

GRAIN OF THE FEF.D. 
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8to 4 

85 

l.JW 

22.68 

.5.99 

4 to 0 

84 

0.79 
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It is generally held by mill men that with heavy concentrate.^ like galena or 
native copper, the liquidity of the bottom bed is so perfect that it matters not 
whether the discharge is placed on the side, the center, or on the tail end of the 
jig, the flow of concentrates will be toward the discharge from all ])art.s of the 
sieve. Where lighter ores, as blende, are concentrated, the concentrates layer G 
is much Ic.ss perfect; in fact it is much thicker toward the tail, and in this case 
a discharge either at the side or center of the jig, works less perfectly than one at 
the tail. 

§ 433. Height of the Gate .—The space F, that is the height of the gate, must 
be just sufficient to allow the particles of coarse concentrates to pass freely beneath 
the gate. If the height is much increased, there is danger of gangue coming into 
the concentrates. The ratio which the height of the gate above the sieve bears 
to the diameter of the fnaximum grain of feed, differs with the size. This is 
shown in Table 284, wliich is a summary of Table 283. In this the jigs have 
been divided into groups according to the size of the maximum grain of the feed 
and ranging from coarse to fine. 
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The lighter the specific gravity of the coarse concentrates the higher the gate 
should be above Ihe sieve. The reason for this is that as the motor power weak- 
ens, the friction must be lessened by increasing the area of the passage. In 
Mills 16, 22, 2i, 30 and 40 the above argument appears to hold, because the 
gates of the later sieves are higher than those of the earlier on any particular jig. 
In most of the mills, however, this variation is not found and in them the 
diminished quantity of material to be discharged on the later sieves is presumaWy 
considered to give sufficient relief from friction. In a few instances the author 
found the height of the gate to be about the same as the diameter of the maximum 
grain and in one case even less. There probably were spaees where the sieve 
bellied down, making the hole really larger than the measure obtained. 

It is sometimes customary to place the gate at a high level in order to dis¬ 
charge the lighter portions of coarse concentrates which are near the top of the 
bottom bed, without dii-tuvbing the heavier grains below. In Mill 38, jigs No. 
13 and 14, with tailboards 3^ inches high, the dams are 2^ inches high and the 
gates 2 inches above the sic've. This plan c'ffcctually prevents the bottom bed 
of coarse conccmtrates from rising above 2J inches high, maintains a good bot¬ 
tom bed of coarse material for suction with very little attention and removes the 
finer graij^ of ore and middlings, which would tend to clog the bottom bed. 
The tail di.scdiargc^ used at Monfeponi (sec §439), is a high discharge. 

§434. The Heujhl of ihe Dam U (see Fig. 334), must be regulated by trial. 
It must be low enough io keep the layer Q from flowing over the tail of the jig, 
and yet not so low as to let gangue pass under the gate E into the concen¬ 
trates. It is customary to adopt some thickness of bottom bed and them run the 
jig in such a way as to maintain that thickness. To do this, when conccmtrates 
form a large' projjortion of the fca'd, owing to the friedion in passing through F, 
the height C must be low to give a free, rapid discharge through B. When the 
proportion is small. (J mmst be high to prevent too rapid discharge. The height 
of the diim also dc])ends (o some e.\tent upon the coarseness of the ore; the 
coarser it is, the less livc'ly is its movement and the lower should the dam be. 
The necicssity for lowering the dam, as the specific gravity of ihe coarse concen¬ 
trates bee mies higher has been already indicated in § 432. 

This not only a])])lieH to the jigging of diflercnt minerals, for example, galena 
(spc'cific gravity 7..5) and native copper (specific gravity 8.8), requiring a lower 
dam than ehalcopyrite, or blende (s])eeitic gravity 4), hut it also holds in regard 
to the hciiglus of dams of the; several sieves in series of a single jig. The later 
sieves always have coarse ooncentrates of lighter specific gravity than the earlier, 
and in consequence their dams will naturally be higher. The quantity of coarse 
concentrates on the later sieves will generally be less than on the earlier and 
this too would call for higher dams. On the other hand, lower dams on the later 
sieves may be desirable for the purpose of making the bottom bed thinner, thereby 
throwing more fine concentrates into the hutch and helping to complete the re¬ 
moval of values from the tailings. With jigs so run, the later sieves will be 
making middlings with more or less gangue. 

For purpose o^ comparison, the ratios of height of dam to the height of the 
tailboard have been eomputed in Table 283. IMerring to this it will be seen 
that some jigs are ruled by the arguments which call for higher dams on later 
sieves; others by the arguments for lower dams; and still others-have no varia¬ 
tion. It will be noticed that the ratios in the table range from 0.14 up to unity. 
There are only a few below 0.50, and of them those in Mill 38 are known to have 
a restricted outlet and not to depend entirely upon the height of dam for the 
regulation of discharge. 

Many forms of gate and dam discharge have been designed which may be 
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divided according to their position into three classes: (a) Side discharges, (&) 
tail discharges and (c) center discharges. 

§ 435. The Side discharge is used in a very large majority of cases. It is 
placed for convenience against the side of the jig and generally a litllc nearer 
the tail than the head. The tail corner has not succeeded, owing to the stagna¬ 
tion of the bottom bed due to friction on the side and on the end of the compart¬ 
ment. Among the various forms of side discharges arc the following: 

The Captain John Itichards discharge, used at Mill 44, has a gate of sheet 
copper, semi-cylindrical in fonii with 3-iueh radius, flanged and nailed to the 
side of the jig. Tlirough the plank wall of the jig a hole is bored, sloping in¬ 
ward and ujjward about 30° to suit a lead pipe, with about J-inch bore and 8 
inches long. This pipe flts loosely in the hole and has its inner end within the 
gate. The discharge is .slackened by pushing the jjipc inward a little in the slop¬ 
ing hole, thereby raising its inlet to a higher level, and it is hastened by pushing 
it outw'ard. The stream flows directly into a bucket in the bottom of which is 
an inch hole covered with 30-n)C.sh wire screen to drain the concentrates as they 
are caught. 

The discharge on the line jigs of Mill S': (see Figs. 30G/t and 30fit), consists of 
a pen 1 of No. 14 galvanized iron whicdi acts as a gate, and a pipe »t«which acts 

Dam 
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30, 

as a dam. The total height of the gate is 5} inches above the sieve and its lower 
edge is § inch above. The dam, as set in the drawing, is 3J inches above the 
sieve, but this may need to be adjusted differently for each size and weight of ore. 
The dam is an inclined iron pipe 1 inch in diameter, sliding in the side wall of 
the sieve box, the leakage being prevented by passing the pipe through an elliptical 
liole in ^jVinch sheet rubber. It is supported and lield in place by a strap v, eye- 
rod w, clamp X and thumb screw y, affording easy adjustment. 

The coarse jigs of Mill 37 have a pi.ston which is pushed down in the enclosure 
by a hand screw, to modify the discharging action, by cutting off part of the 
opening in the side wall of the jig. 

The discharge in Mill 30 (see Figs. 3350-3350) has a gate or enclosure of plate 
iron in the form of a semi-cylinder inch thick wilh a radius of 3-inches, and 
bolted to the side by two f-ineh IT bolts. The adjustable dam is of j^-inch plate 
iron 'with a discharge opening 4 inches wide by 1J inches high cut in it. This 
can be raised and lowered in guides so as to give any desired height of dam. 
The center of the discharge is 5 inches from the tail of a sieve 32 inches long. 
This form i« probably more universally adopted than any other. In comparing 
this^scharge with those used on the fine jigs of Mills 37 and 44 we note that the 
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former changes suddenly from no discharge to a discharge over a dam 4 inches 
wide, while the latter change to a discharge through part or the whole of the area 
of a moderahily small pipe. 'Fho latter arc much more restricted openings and 
will not draw down the concentrates so fast as the fojincr. They arc, therefore, 
less liable to draw over the gangue into the concentrates than is the wide gate 
of Mill 30. 

The Baum coal jig has the gate and the dam suspended from the opposite arms 
of a rocking lever, so that as the lever is moved by a third arm, the gati! goes up 
as the dam goe.s down, and vice versa (see Fig. 314). 

The Heberle discharge (see Fig. 330), is like that of Mill 30 exeept that the 
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FIG. 337. —LONGITUDINAL SECTION OF JIG AT 
CLAUSTHAL. 

dam D is of constant height, made in wood and a plate iron piece B shuts down 
upon it to limit or cut oil the discharge. 

In regard to the enclosure which is necessary in the preceding forms, it sub¬ 
tracts just so much surface from that doing active jigging work and it im¬ 
pedes the carrying current which conveys the gangue from the head toward the 
tail of the jig: it should, therefore, bo made as small as possible and still work 
freely. The adjustment of the dam should be simple, as the whole control of 
the bottom bed depends upon its regulation. 

§ 436. Tail Discharges. —The forms just described under side discharge, can 
be easily applied to the tail of the sieve on a one-sieve jig or a Collom jig, or to 
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the last sieve on a jig with several compartments. The advantage of this posi¬ 
tion is that it is the place on the sieve where the bottom bed of heavy conoentratos 
will be the deepest. The construction of the enclosure will need to bo built up 
above the tailboard at the back, to pruvent tailings from mixing with the heads. 
For the earlier sieves of multi-sieve jigs tliis arrangement eom))licales the con¬ 
struction and is not commonly used. The author found it, however, in Mill 
31. As used at Mill 44 on the No. 6 and No. 7 Jigs, the gale or enclo.sure is 
placed in the middle of the tailboard. The dam is a pipe brouglit in through 
the tailboard, which has a prolongation of rubber tube. The end of this tube 
may be elevated or depressed by a thumb-nut and screw, for retarding or hasten¬ 
ing the discharge of concentrates. T'ho reason for using a tail discharge on these 
jigs, instead of a sid(? discharge, is la^eause the bottom b(d is not quite so soft as 
that of the jigs using the Captain John Richards di.^^eharge. 

As used in Mill 39 on No. 1 and No. 2 jigs, the enclosure is in the form of a 
V, 6 inches wide and 6^ inches long. 

Tail di.scharges proper extend across the sieve and draw oft concentrates from 
the whole width. At Glansthal a tail discharge is used on the jigs for sizes 
ranging from 17.78 mm. down to 2.37 mm. This discharges concentrates tlirmigh 
a slot running the whole width of the sieve, under the edge of a gate, and tlu'y 
are lifted over a dam by the pulsion into a discharge laund('r. The gate is ad- 
jmstable up and down by thumb-screws and is of curved form to allow the tailings 
to pass over it (see Fig. 337). This practice was adopted in the liuropeun mills 
in the seventies. It has a capacity for discharging continuously a large ])ropnr- 
tion of concentrates and if required to discharge small quantities, the tailboard 
may have spaced holes, instead of a continuous slit, or it may be run intermit¬ 
tently. This discharge requires a drop of at least 2J inches between the sieves, 

. to prevent the water and sand of No. 2 si(!vc from splashing back into the con¬ 
centrates cf No. 1. 

An ingenious method of cutting down the amount of opening hs shown in Pigs. 
338o and 338b, the Osterspey discharge. Here what is practically a set of tri- 


FIG. 338a. —.SEC¬ 
TION OF OSTEK- 
S P E Y D I S - 
CllAEGE. 

angular holes is made to bo raised or lowered in front of the di,seharge slit, thereby 
giving any amount of opening de.sired. 

§437. Center Discharges, sometimes called bell discharges (sec Fig. 337). 
These have circular enclosures or gates placed centrally, nearer the tail than the 
head. In the middle of the enclosure a pipe passes down through the sieve and 
out at,one side of the jig tank, and carries off the concentrates. The extension 
upward of this pipe above the sieve is adjustable as to its height and it serves as 
a dam. The changing of sieve frames from time to time makes the connection 
with the central pipe troublesome. This was tried in some of the mills at Lake 
Superior between 18^6 and 1872 and given up. As used at Przibram, the gate 
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is 10 inchtes high and 6 inches in diameter; the pipe dam is 1^ to 2^ inches in 
diameter. 

S 438. (b) OTHna Koums ok Disciiauges than Gate and Dam.—T hese are 
not so coniinoiily used and a description of two types only will he given. 

2'he Captain Harris Atmusphcric Discharge .—This discharge is used in Mills 
44 and 40 for taking off coarse concentrates, which are in this case middlings, 
from the whole width of the tail of the coarse jigs which treat stuff inch 
(4.76 mm.) in diameter. It is used in Mill 44 on both sieves of No. 2 jig, on 
the second sieve of No. 3 jig, on jig No. 10, on the first and third sieves of No. 12 
jig and on the third sieves of No. 13 and No. 14 jigs; in Mill 46 on the second 
sieve of No. 1 jig. 

As shown in Fig. 339, it consists of an enclosure A with an air-tight top, 
sides and ends, 2 inches wide and not ejuite reaching the sieve to allow the passage 
of concentrates. It is made of J-iiich steel plate bent at right angles and screwed 
to the tail cleat. At the top in the center is a J-inch pipe B, 10 inches high, 




FIG. 339.—ATMOSKUBEIO DISCHARGE. PIG. 340.—PIKE DISCIIAHGE IN MII.D 28. 

with a little cock G which can be opened for pa.ssage of air, or closed. At the 
level of the sieve is a J-ineh pipe D through which the concentrates flow. When 
the cock is closed, no enneentrates discharge; when it is wide open the concen¬ 
trates discharge very rapidly; by regulating the air cock the quantity of con¬ 
centrates is regulated. 

Pipe Discharge .—In Mill 28 on jigs No. 3 to No. 8 inclusive, the coarse con¬ 
centrates are discharged from the ct'ntcr of the sieve through a 2^-inch, pipe P 
(see Fig. .340), sloping .3.')°, the upper end of which is flush with the sieve. This 
pipe pa.sses out through the wall of the jig. The flow of the concentrates is regu¬ 
lated by a ehcck-yilate h. hinged at a, which is held up by a rod d and thumb-nut c. 
When the plate i.s low.o-ed the concenLrates flow more freely, when raised, less so. 
It can bo screwed up to a point where it shuts off both concentrates and water. 
The man who tends the jig judges by th(' depth of coarse concentrates on the 
sieve whether to run the discharge faster or slower. This is one of the simplest 
forms of discharge and one which is available for all but the coarsest jigging 
sizes. 

Kunhardt found this discharge used abroad, with the lower end partially closed 
by a sliding gate or nozzle of given diameter. In using this form of discharge 
Linkonhach recommends that for material over 13 mm. the diameter of the pi^ 
should be three times the size of the stuff discharged, and for small stuff, four 
times. 

§ 439. Double Discharges are sometimes used upon a sieve in the effort to 
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accomplish upon one sieve what is usually done upon two sieves in series. The 
capacity, however, is diminished or, if not, the quality of the work suffers. 

In Mill 17 No. 1 jig, on the first sieve, makes galena by a gate and dam dis* 
charge; on the second sieve, it makes blende, etc., by a low gate and dam dis¬ 
charge, and quartz-blende middlings by a high gate and dam discharge, while 
the tailings are clean enough to throw away. The galena gate and dam are J 
and 2 inches high respectively. The blende gate and dam arc J and 2 inches 
high respectively. The quartz-blende middlings gate and dam are 2 and 
inches high respectively. 

The following notes are given of European practice about 1870: (1) Braun’s 
jig at Perm works*® used two tail discharges, one above the other. (8) At 
Bleyberg^', two discharges were used on one sieve; one was a center discharge, 
the other was a tail gate and dam. (3) At Angleur and at R(>cheu^”, two- 
eompartment jig.s, wore used, each with two tail discharges one above the other, 
and yielded on first sieve, galena in tlie lower discliargc and galena and pyritc 
in the upper; on the second sieve, pyritc in the lower and jorito and blende in 
the upper. The tailings were waste. The two mixed products wi're T('luriual to 
the jig. (4) At Welkenraedf*^, a three-sieve jig had center di-chaigc on all 
the sieves and tail discharge on the first two. It yielded on the first sieve in the 
center discharge, galena; in llie tail discharge, galena with yivrite and blende, 
which was re-erushod; on the second sievn in tlie center di.^charge, pyrite with a 
little blende and galena, which was re-cnished; in the tail discharge, blende with 
pyrite, which was returned to the jig; on the third sieve in the center discharge, 
blende, and overilow which was wa.si.e. 

A one-sieve jig, called Ferraris Intermediate Jig (see Fig. 330), used at 
Monteponi for blende and galena, has a sieve 400 mm. wide and 1,300 mm. long, 
and at 950 mm. from the head end the tailings arc taken out by a central vertical 
pipe n; at the tail end are two gate and dam discharges dd with circular open¬ 
ings 60 mm. in diameter. These may both be run together, making the same 
quality of blende, or they may be run to take coarse eoncenlrates from different 
levels and give two qualities of blonde. The gates are kept Iiigh enough so that 
the galena is allowed to remain on the sieve till sufficiently concentrated and is 
skimmed off once a day. 

§440. Intjsbmittent Automatic Discharge.— It is possible, when the pro¬ 
portion of foarse concentrates is not large enough to run the various forms of 
automatic discharges continuously, to run them intermittently instead of resort¬ 
ing to skimming. This is the case on the second and third sieves of No. 4 jig 
in Mill 22, on the second sieve of No. 4 jig in Mill 84, and on the first, second 
and fourth sieves of No. 4 jig in Mill 33. Kiinhardl stales that this intermit¬ 
tent method is often applied to a pipe discharge, to prevent a serious waste of 
water, where grains in the concentrates are largo. The jig is run until the 
coarse concentrates have nearly reached the top of the tail. They are then drawn 
down by opening the discharge fiipe until tailings begin to appear. Then the 
discharge is closed and the operation repeated. He does not recommend it, how¬ 
ever. 

In comparing skimming with Intermittent discharge, the latter has the advan¬ 
tage that it does not necessitate the stopping of the jigging, and it costs less labor. 
The former has the advantage in the oft-repeated readjustment of the sieve and 
in the better selection or quality of the concentrates. Both have in common the 
following disadvantages: Danger of concentrates getting into the tailings; danger 
of gangue getting into the heads; increased loss by attrition; less perfect jigging, 
due to varying depth of bottom ,bed. 

§441. ^AY Boxes fob Automatic Dischaeges (see Pigs. 341o and 3415), 
,ar| small water-tight •compartments with hopper-shaped bottoms, communieatin|[ 
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with the delivery of the automatic discharge. Into this compartment the coaiae 
coneentratfis can move without the passage of any water. In fact, as they move 
in they displace a certain amount oi water which passes back on the sieve. After 
the concentrates have sufficiently accumulated they may be drawn off through a 



gate hcliiw and the operniion reiK-afed. They save water and guard against too 
great a ilow of ore. Kunhardt found them ciniiloyed only on jigs treating stuff 
larger in diameier than | inch, lii lilill t'8, jigs No. 1 and 2. treating stuff 
above 1(> mill., both have stay hoses which arc 10 inches wide, 22 inches long and 
37 inches deep, with a nipple at the bottom closed by an inside plug which may 



(DImenBionH in miUinieters.) 

be lifted by a wire to discharge them. Mill 27 also uses stay boxes on the coarser 
jigs. 

Ferrans uses at Monteponi a stay box which holds hack the rush of water, but 
draws off the ore from i,he discharge continuously (sec Figs. 342a and 342b). 
In construction and mode of running, it is similar to the Frenier spiral sand 
pump (see § 631), run backward. The concentrates are free to enter the cen- 
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tral part of this spiral, but they can only pass on as the spiral slowly revolves, 
giving increased cubic contents for their reception. The total capacity of the 
spiral is 1 lo 1^ liters per revolution, and the speed may be varied from 1.7 to 
14 revolutions per minute. The dimensions given on the figures are in milli¬ 
meters. 

Discuaikiks vvitu Unwatering Sieves.— The discluirged coarse concentrates 
arc sonictinies imwatered by passing over an inclined screi'ii of smaller mesh 
than that used in the jig. At Clausthal the sieve for grains 17.78 mm. to 4.22 
mm. diameter slopes 23"; for the several smaller sizes the slojie is 45°. They 
yield concenlrates (o a box and waier which is returned to the mill. 

DisruiAKGKs INTO T11H Hutch.— In some coal jigs it freiiuontly happens that 
the coarse eoncentrates and hutch product are both collected together in the hutch, 
both being waste products. The Sheppard jig is an example of this. 

§442. llisposAi, OF Ooncuntratim. —When the concentrates tlow automatic¬ 
ally from the jig, they may be handled in several ways us follows, of which the 
first four arc wheiv the products arc finished, and the last four where additional 
treatment is needl'd: 

(1) The product of each jig may be imwatered separately in boxes ivhich send 
their overflows to a settling tank, while, the eoncentrates are sliovi'led to a harrow 
or a car. This arrangement is well illustrated in the Lake .Superior coiiper mills 
(44, 45, 46, 47 and 48), where the hutch ])roducts of a pair of finishing jigs go 
to a compartmented tank or “copper boxe,s.” The tank in-ed in Mill 48 has seven 
compartments, as shown in Fig. 343. Assuming for a s))('ciric example that this 

is treating the hutches of No. 1 and No. 2 finisher jigs, 
then the first, second and third sieves of .No. 1 finisher 
go to boxes 1, -2 and 3 respectively, and in the same 
way, those of No. 2 go to boxes 4, 5 and (5 respectively. 
The boxes overllow one to another as indicated by the 
arrows, everything finally coining to box 7. The 
overflow of box 7 goes to a long, horizontal launder or 
settling tank, which in turn overflows into the main 
FIG. 343. COPPER tiiitijigg For the (piality of these jiroduets the 

BOXES OF MILL 48. j-pfered to the mill sela'iue in (fiiaplerXX. 1'lic 

No. 3 and No. 4 finishing jig hutches arc handled in like manner, but yield a 
different quality of products. The copper boxes of Mills 41, 45 and 46 are 
very similar to those of Mill 48. In general, Ihc richer box overflows into the 
poorer, although this is not a universal rule. In Mill 47, four more compart¬ 
ments arc added fur settling the overflow and the long setlling tank is dispensed 
with. In Mill 47 the depth at the upper margin of the cojipcr boxes is 14 
inches, at the lower margin 18 inches. The cover jig of Mill 47 delivers its 
hutch into a box 2 feet long, 1 foot wide and 3 feet deep. Tliis niotliod is not 
uncommon in other mills than those of Lake Superior. For e.xaniple, it is used 
in Mills 15, 30, 70, 85 and 87. 

(2) The concentrates may be unwatcred in boxes with a fine filter screen in 
the bottom, a gate for sluicing out the settled ore and a car for tninsporting it. 
Mill 28 has a special story in the mill beneath the jigs for Ihese boxes and each 
sieve of each jig, from No. 3 to No. 8, has its own box. These boxes are built 
as two long compartmented tanks side by side, each 50 feet long. There are 
twelve boxes or compartments in each tank and each box is 4 feet 6 inches deep, 
2 feat 8 inches wide and about 4 feet long. The bottoms of the boxes slope 
toward the discharge, gate and the latter has a spout or chute for convenient de¬ 
livery into the car. The screens are of wire cloth and are placed in Ihe side near 
the lowest point wlipre the weai’ will be least, and the water with the small 
amount of ore which passes through is carried to the No. 1 settling tank. The. 
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earlier and later jigs have no under story; their concentrates are treated by the 
first method. Mill 27 and sonic others, dispose of tlie concentrates of a portion 
of the jigs by this method. The l,ake Superior native copper mills use this 
scheme in a very simple way for tlio coarse concentrates which go into little 
buckets with a hole about 1 inch ift diameter in the bottom covered with a 
fine screen. When the bucket is full, in ni().»t casc-.s it is carried by boys to the 
shipping car or barrels or in the ease of Mill 4-1, the boys dump it into a special 
jerking conveyor which delivers it to the shipping car. The drainings of the 
buckets are saved in a settling tank. 

(3) All the jig concentrates are run together into a large system of settling 
tanks. In general, these consist of a set nf large settling boxes with or without 
filter screens, with gates, chutes and cars for ease of draining, di.scharging and 
shipping the products, and of very large settling tanks, for settling the fine 
overllows. Mills 38 and 42 arc instances of this method (see ^.319). 

(4) All the jig concentrates arc run into one of a set of very deep tanks. 
These tanks arc in different stages of a cycle of operations; one will be receiv¬ 
ing concentrates; a second is draining and a third i.s being emptied. Mills 30, 
31, 32, 34, 35 and 40 arc instanee.s of this method (sec § 349). 

(5) The concentrates arc sent by launder.s to a trunking table or trunking 
machine, where by a hand hoe or by mechanical device tk; little remaining 
ganguo is taken out, leaving pure, concentrato.s for the smelter and middlings 
returned for further tri'atment. Mills 22, 25, and the Ilesloge mill in Missouri 
all use this method. 

(G) Certain fine jig products are made on jigs which have bottom beds with 
large intei'stiees and free suction, and as a result, contain too much gangue. 
Their hutch jirodiuds are fed to jigs that are run slower, with smaller interstices, 
and yield finished products. Examples of this are: Mills 9, 10, 22, 38, 42, 43, 
44, 45, 4G, 47, 48 and 8u. 

(71 Certain very fine jigs yield hutch products with too much gangue. This 
is removed by kieves. Mills 4G and 47 are instances. 

(8) Jigs making middling products containing concentrates attached to 
gangue and, therefore, requiring re-crushing, send these products to some crush¬ 
ing machine, as rolls, Huntington mill, Bryan mill or gravity stamps. This 
treatment of re-crushing middlings exists in nearly all the mills. 

§ 443. Kemoval 03 '’ Taiunos.— The u.sual ATnerienn practice is to allow the 
tailings to overflow the tailboard of the jig, the water washing them away in 
a launder. At Montejwni, Saj-dinia, Ferraris n.si'S a vertical pipe a extending 
up through the whole bed near the tail, for taking off the tailings from his inter¬ 
mediate jig (see Fig. 330). 

Sometimes it may be desirable to unwafer the tailings; for example, first, 
where the sand is unfinished, requiring further jigging or further crushing; 
second, where there is fine stuff of value in the jig tailings which can be sepa¬ 
rated by a hydraulic classifier attached to the tail of the jig, the overflow being 
sent for further treatment, the spigot being waste’''; and third, where economy 
of water is lo he practised. This last is sometimes the purpose in European 
mills, but in this country labor as well as water would need to be economized. 
To this end, it will generally be cheaper to have the water carry the sand to the 
tailings pond and tlicn it can bo pumped back to the mill. 

There are several methods of obtaining practically dry tailings, among which 
are the following; 

(1) IJnwatering is done by a steeply inclined sieve, the tailings passing over 
and the water passing through the sieve. In Mill 27 (see Fig. 344), a screen 
of the width of the jig, sloping 45°, and 16-mcsIi with No. 22 wire (0.0345 inch 
diameter of- hole) is used on the tailings of No. 6 and No. 7 jigs. At the lower ' 
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end of the sieve is a little cross dam 1 inch high to prevent the water from pass¬ 
ing down with the sand. Tiic sand is discharged to the 
hopper of a Hendy Challenge feeder and sent to stamps, 
while the water goes to waste. The tailings of No. 1 jig 
in Mill 86 (through 9 on 6J mm.) pa.ss over a iO-me.sh 
steel wire inclined screen wltich is the same width as the 
jig sieve and slopes 40°. 'J’he water is sottleil in a set¬ 
tling tank and then rnns back to the mill tank. 

The tailings are still wet enough to slide in the trough to 
the Huntington mill. For the tailings of No. 'i jig (lit 
to 3 mm.) the arrangement is similar, except that the 
.scT’een is 16 7ne.sh. A siiiular arrangement is useil in an- fig 344.— iinwatee- 
other Colorado mill. Coal is not infrequently unwalered ino sciieen in 
by passing it over a sieve, as it leaves the jig. It was used mill 37. 
in Germany as far hack as the days of liittiiiger. 

(2) Unwatering boxes, fastened to the tail of the jig are used for removing a 
part of the water as overflow to be used on oth(‘r machines, while the remaining 
water carries forward the sand. In Mill 44 unwatering boxes are put in be¬ 
tween the second and third sieves of the finishing jigs (Collom jigs). In Mill 
48 they are 18 inches long by 24 inches wide and are ]iut in between the first 
and second, as well a.s between the second and third sieves of the finishing jigs 
(Collom jigs) ; the settled sand goes by two little spigots to the next sieve and 
the overflow water, after settling out its fine slimes for slime tables, is sent to 
waste. 

(3) The disposal of tailings by jigging with a stay box has already been 
described (see §424). 

(4) The tailings of many jigs go to unwatering boxes located at a distance 
from the jig. They are treated under tliat head (sec § 310). 

(6) A mechanical device is used on the Luhrig jig. It consists of an end¬ 
less chain scraper which carries the coal from the tail up an inclined plane. 
This saves the large quantity of water which would lie required to carry so 
coarse a product over the tail, so that no water is removed except that adhering 
to the coal. 

(6) Kunhardt mentions a revolving paddle wheel or a shovel at the end of 
an oseillating lever as simple devices commonly employed in Europe for sweep¬ 
ing the tailings over a coneavely round tail. 

(7) A eoal jig described by M. Kvrard”, as used in France, has a movable 
frame above the sieve with a number of blades running eros.^wise of the jig. By 
the use of two cams, one giving horizontal motion and (lie other vertical, the 
blades arc made to push the surface coal toward the tail of tlie jig, then to rise 
and return toward the head and finally descend to the coal to give it another 
push. This cycle is repeated constantly and hy it the capacity of the jig is in¬ 
creased and the carrying current done away with. 

(8) The tailings of jigs at Przibram flow over the tail into a shallow compart¬ 
ment in the side of which is a sieve, through which the water passes into a sec¬ 
ond compartment. The tailings are conveyed from the first compartment up a 
trough, inclined 25°, hy an Archimedean screw conveyor. The water is elevated 
from the second compartment 8 to 12 inches by a little propeller at the rate of 
3;4 to 6 cubic feet per minute and returns to the hutches. An arrangement 
similar to this occurs quite frequently in coal jigs where the coal and water 
passing over the tall fall into a compartment from which the coal is removed by 
a conveyor while the water passes through valves into the hutch of the jig again. 

§ 444. Tub 'N'rrMjBJR op SievI? Cojipaetments required in a jig. In general 
this will depend upon three things: (1) the purpose for which the jig is used; 
7a\ Ibp cB-naeitw renuired of the tij; (31 the ease of senaration. > 
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• j Purpose .—It is common to Jig very coarse products upon one sieve 
in order to quickly take out what coarse free concentrates there are and send 
all the rest to be crushed finer. A next finer size is often treated upon two 
sieves in the same way. I’or a third grade, whore the mineral is more per¬ 
fectly unlocked and, therefore, middlings only are re-crushed, a throe or four 
sieve Jig is good jiraetice. For the finest sizes of all, where the middlings may 
be only rc-washod or no middlings made, three, four or even five sieves are con¬ 
sidered good practice. The last sieve is run as a guard to prevent loss in tail¬ 
ings. For this pur])ose it is run with a loose bottom hod to take into the hutch 
all that can bo saved. TIh; hutch so saved requires re-treatment and on coarse 
sizes it will contain included grains, but on fine will generally renuire only 
further washing. 

Where an intermediary Jig is us('d, as in Mill 24 and in one Colorado mill, to 
treat the undersize of the last trommel and send its tailings to the first classifier, 
a omt-sieve Jig is good practice. 

Whore rough, quick work is required, as in Mill 13 for example, or on iron 
ore or coal, m order to get rich heads with little regard to the loss in the tail¬ 
ings, a single sieve is used. 

The clean-up Jigs for the mortar residues of the Lake Superior steam .stamps 
in Mills 14 and 47, and a few finishing Jigs, as Mills 41 and 45 on native copper, 
with small duty, need only one si('vc each. 

Jigs for testing small batches of ore to a.sccrtain the yield they will give to 
concentration, are often made with one sieve only. 

_ (2) The cnpnrJiy rcciuired of a Jig will affect the number of sieves needed. 
Jigs required to do a gri'at deal of work will want more sieves. This loading 
up, however, may easily he overdone and it is probable that two Jigs with three 
sieves each will do better work than one with six sieves, the quantity of ore 
treated being the same in both eases. ^ 

(3) Ea.>i('. of iS'cporftliHM.—This is alfectcd by the coarseness or fineness of the 
crystalline dissemination of the heavy mineral in the gangue. If the minerals 
are in large crystals which easily tumble apart when crushed, then fewer sieves 
will be needed. If they are finely disseminuted, tending to the formation of 
much middlings of all shades of eomposition, then more sieves will be needed 
to effect a saiisfaetory concentration. 

It is also affected by the weight of the gangue. If the gangue is heavy as 
siderite, magnetite, epidnte, etc., the Jigging becomes more difficult and more 
sieves will he required than in the case of light gangue. 

Again, it is aff'ceted by the difference in specific gravity. For example, the 
separation of galena from quartz is much more easily done and requires fewer 
sieves than the .separation of bhmde from quartz. 

Finally, it is affected by the number of minerals to be separated. For ex¬ 
ample, a three mineral .reparation will naturally require more sieves than a two 
mineral, and a four mineral separation more than a three. 

§445. Sieves for Two Mineral SeparaHon.—The number of sieves used in 
Jigging different sizes in two mineral separation found in the mills is represented 
in Table 271, and a summary of these figures is given in Table 285. 

The practice of the United State,s, therefore, for Harz Jigs, favors one sieve 
for feed which has a maximum grain lying between 64-32 mm., two sieves for 
grains 32-16 mm., three sieves for grains 16-8 mm., three, four or five sieves 
for grains 8-0 mm. 

Linkcnbach recommends for a two mineral separation, where they’ separate 
easily owing to large difference in specific gravity, a two-sieve Jig, yielding clean 
concentrates on the first, middlings on the Second, and clean tailings in the 
overflow. 
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TABLE 285.— NUMBER OP SIEVES USED IN JIGS FOR TWO MINERAL SEPARATION. 


torcS 


Mdzimuni Size 


Number of .TIrs with 


in ttie F'eed Llets 











Between. 

1 Sieve. 

8 Sieves. 

8 Sieves. 

4 Sieves. 

5 Sieves. 

Mm. 

5 

1 

0 

0 

0 

«2-16 

6 

6 

2 

0 

0 

16—8 

8 

10 

12 

8 

0 

8-4 

(a)2 

(0)14 

12 

9 

0 

4-2 

(6)1 

(«) 4 

in 

11 

1 

a-0 

1 

to) 3 

(a) 21 

3 

2 

[AaterspIgotHof 1 
clasaflltirg. ( 

1 

^a)8Q 

15 

21 

5 


These numbers are larRely increased by the Collom jin of l^ake Superior and Montana, which an 
to use fewer sieves on account of the laiyo amount of hydraulic water. (6) This is au intennediaiy jig 


§ 446. Sieves for Three Mineral Separation .—The jigs in the mills making a 
three mineral separation have sieves as shown in Tabic 286. 

TABLE 286.— NUMBER OF SIEVES ON JIGS MAKING A THREE MINERAL SEPARATION. 


Maximum Size 


Number of Jigs with 



in tiie Feed Lies 













Between. 

1 Sieve. 

2 Sievt*s. 

8 Sieves 

4 Sieves. 

h Sieves. 

0 Sieves. 

Mm. 







16-8 

0 

1 

0 

2 

(0)1 

0 

8-4 

0 

0 

1 

3 

0 

0 

4-2 

0 

0 

1 

3 

0 

(a)l 

20 

0 

0 

1 

5 

0 

1) 

Later spigots of) 
classifiers. { 

0 

0 

2 

6 

0 

0 


The jigs marked (a) in Table 286 are typical of a c4ass of mills in Southwest 
Missouri o'*' which there may be ten or more. The many sieves are used to get 
high capacity when jigging blende with small difference in specific gravity between 
the concentrates ami the waste. The Uooley jigs used for tliis work have 5 and 
7 sieves on the roughing and finishing jigs, respectively. The only mills the 
author found making a three mineral separation on jigs are 9, 10, 15, 17, 18 
and 19. Although this table is meager in number of jigs, it shows that the 
separation of three minerals in this country generally calls for from three to six 
sieves on a jig. 

Bolloin" find.s four compartments most commonly used in Europe for three 
mineral separation, di.sposing the products as follows: No. 1 sieve yielding pure, 
heavy mineral; No. 2 sieve yielding heavy and medium minerals mixed; No. 3 
sieve yielding pure medium mineral; No. 4 sieve yielding medium and light min¬ 
erals mixed; tailings are pure light weight mineral. He, however, favors the 
plan used at Ems, which has only three sieves for three mineral sejiaration, dis¬ 
posing the products as follows: No. 1 sieve yielding pure, heavy mineral; No. 
2 sieve yielding heavy and medium minerals mixed ; No. 3 sieve yielding medium 
with a little light mineral; tailings are pure light weight mineral. This, of 
course, could only be done where the medium mineral was well unlocked. 

Linkenbach'“, where hand picking is used for coarser sizes, gives: First sieve, 
clean heavy mineral; second sieve, pure medium mineral mixed with included 
grains of heavy and medium, which is hand picked; third sieve, middling prod¬ 
uct which is re-crushed; tailings, which are clean gangue. 

At the VaucTon milF* in .France, 5-sieve jigs are used, which yield: First 
sieve, pure galena; second sieve, mixed galena and blende; third sieve, blende; 
fourth sieve, bknde; fifth sieve, mixed blende and waste; tailings, clean waste. 

8 447. Four Mineral Separation ^.—At Uiepenlinchen" a six-sieve jig was tried 
and it yielded: First sieve, galena with 80% lead; second sieve, galena with 
72% (iead; third sjeve, mixed galena, pyrite and blende; fourth sieve, blende 
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with 52% zinc; fifth sieve, blende with 45% zinc; sixth sieve, mixture of blende 
and gangue; tailings, gangue. The ore was found to contain but little pyrite 
and the jig was found to have too many sieves and the above was abandoned in 
favor of a four-sieve jig, which yielded: First sieve, galena; second sieve, mixed 
galima, pyrite and blende; third sieve, blende; fourth sieve, mixed blende and 
gangue; tailings, gangue. 

In a mill designed by Fried. Krupp Grusonwerk for British Columbia”*, five- 
sieve jigs are recommended, yielding products as follows: First sieve, clean 
galena; .second sieve, galena and pyrite; third sieve, clean pyrite; fourth sieve, 
poor ])yrile; fifth sieve, clean blende (and barite if present) ; tailings, clean 
gangue. 

§ 118. WiDTri OF Jig Sieves.— The width of sieves together with the length, 
as used in the mills is given in Table 271. A summary of these dimensions 
with averages, is given in Table 287. The summary does not include the Col- 


TABLE 287.— SUMMAKY OF EENGTTIS AND WIDTHS OF JIG SIEVES IN THE MILLS 

EXCEPT COLLOM JIGS. 


Maximum Grain 
of Fffd lAf*s l>i*- 
fwtien tliosi-* 
Uiametor*^ 

Nimdicr of Jigs 
OoiJHidered. 

1 T>‘nKt.h. 1 

1 WTdtIl. 

Maximum. 

i 

! Minimum. 

Average. 

Maximum. 

Minimum. 

i 

Average. 

JigH in which the niazinium size fed ie known. 


Mm. 


Ii.ohes. 

luchos. 

Inches. 

Imdies. 

InchoH. 

Indies. 


5 

48 

38 

8.5.9 

34 

16 6 

30.8 

33-16 

It 

40 

36 

8G.0 

24 

16 

19.4 

16-8 

38 

40 

24 

31.8 

34 

16 

JH.S 

8-4 

38 

80,75 

33 

81.7 

24 

16 

18.8 

4-3 

35 

88.76 

33 

83.0 

34 

14 

18.3 

2- 1 

18 ! 

86 

33 

81.4 I 

34 

18 

18.3 

1-0 

4 

88.5 

33 

29.1 

16 

IB.5 

16.8 


Jigs in whicli the inuxiinuui size fed is unknown, bt»ing fed by later spigots of ulassitters. The size given ia 

that fed to the clossifler. 


16-8 

8 

84.5 

84.6 

34.6 

22.6 

38.5 

23.6 

a-4 

4 

86 

31 

82.S 

24 

16 

17.8 

4*.‘ 

36 

88.76 

23.6 

82.7 

24 

12 

17.8 

3 i 

12 

86 

23 

80.3 

24 

14 

17.4 

1-0 

2 

30 

27 

28.5 

21.6 

16 

18.8 


lorn jigs which are used in the Lake Superior and some of the Montana mills, 
as all have practically the same dimensions and, therefore, would unduly afi’eet 
the averages in the summary. 

As is shown in § 454, the wider the sieve the greater its capacity and it would, 
therefore, .seem advisable to make all jigs as wide as possible as long as no diffi¬ 
culties of construction in consequence are encountered. The summary, however, 
shows that there is a regular decrease in width from course to fine. The reason 
for this is that the finer the grains the more neeessary it is that pulsion be dis¬ 
tributed evenly ovc- the whole width of the sieve, a thing which offers less diffi¬ 
culty the narrower the sieve. It is true that this difficulty may be at least 
partially oiercome by increasing the depth of the longitudinal partition, but 
this soon reaches a limit, owing to the increased height of the jig demanded. 

The jigs of the blende millc of Southwest Missouri are noteworthy as being 
even larger than any showm in the tables. Among them, the Henry Faust type 
has sieves 30 inehes wide and 42 inches long, while the Cooley type has sieves 
36 inehes wide and 48 inehes long. They are treating coarse material and are 
reported to do excellent work, which is obtained by very deep hutches and deep 
longitudinal partitions. 

The limit of width given by Rittinger is 1« inches for a side plunger jig, 
except where graded pwtitiona are used below the sieves. Kunhardt limits the 
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widths of side plunger jigs to 550 nim. (22 inches), for coarse, and 450 mm. 
(18 inches), for fine jigging. 

Although it is true that an average of all the jigs in the mills shows a de¬ 
crease in width from coarse to fine, it is not true that this decrease occurs in 
each individual mill. In some it does, but others have a uniform width through¬ 
out, while still others are irregular. As shown in Table 288, out of 34 mills there 
are 14 mills that decrease, but there are 20 mills (of which 7 use Collom jigs), 
that prefer to have uniformity throughout the mill. 

TABLE 288.— SHOWINO THE I'UACTICE IN THE MII.La IN HKO.^Rn TO THE VARIA¬ 
TION OF WIDTH WITH VARIATION OF SIZE OF (illAlN. 

Narrower jigs used on finer sizes—Mills No. 9,15,16,17. 82. 23, 2r>, 27, 81, 32, 81, 43, K«, 92 -14 nillla. 

Uniform wldU) throuehout—MillB No. 10,13(a), 14,18, 80, 26, 28, 89, 33, 35, 36, 40, 42 Co), 44 (o), 45(o), 40(o), 47 (o), 
48 (O), 85, inillB. 

Irregular widtn—Mills No. 21,21, 30, 37,38, SO, 41, 87—8 milla. 

(a) These ure Collom Jigs. 

§ 449. Length of Sieves. —In regard to the lengths of the sieves as given 
in the summary in Table 287, there is a decrease from ooarsc to fine. This is 
not, as in the case of width, due. to diliiculty of getting even distribution of 
pulsion. It may be to krep the proportion of length to width constant, and to 
do thi,s as the width is diminished the length must be also. 

There are two Tea.sons for limiting th(^ Icngih of a single sieve, that is, for 
using two or more short sieves in place of one long one, which are of as much 
importance for coarse as for fiii(! grains. First, the change in the whole bed, 
due to the separation of a part of the concentrates, calls for changed conditions 
of pulsion, suction and hydraulic water. This is done by ending np the sieve 
and passing the material over the tail board to a new sieve. A further reason 
for limit of length is in the crawling forward of the bottom bed. When it is 
of medium weight, it is always thinner at the head of the sieve and Ihiekcr at 
the tail, tending to waste ore over the tail. A shorter sieve will have, leas diffi¬ 
culty in this way than a longer sieve. A series of sieves will give, a chance for 
collecting, later, the ore grains which chanced to go over the tails of the earlier 
sieves. 

The effect of length on capacity is to increase it within certain limits, as will 
be discussed later under that liead (see §454). 

The practice in regard to variation of the length with the variation of size of 
grain in the individual mills, is shown in Table 289. Thus, from Table 289, 
it appears that in forty-two mills, eighteen, of which G u.se Collom jigs, have 


TABLE 289.— SHOWING THE PRACTICE IN THE MILLS IN REGARD TO THE VARIA¬ 
TION OP THE LENGTH WITH THE VARIATION OF SIZE OF GRAIN. 


1 , 40, 42 (o), 44 (o). 45 (a), 40 (a). 47 (a), 


untform throuKhout—MillB No. 9, 10,14, 18, 30,39, 33, 35, £ 

48 (a), 85 , 06—18 mlllg. 

Shorter lira used on finer Blaeti-Mills No. 13 (a\ 15.23,25.26,27. 2fl, 81,34,43,93-11 mills. 
Irregular-MHlf No. 16,17,21,28,24. 80.88.37,88, 39, 41,87, 88-13 Mills. _ 


(a) These are mills with Collom Jigs. 

uniform length for all their sieves; eleven, of which 1 uses Collom jigs, use 
shorter sieves for fine than for coarse stuff; and thirteen are irregular in this 
matter. 

Ilittinger limits the length of jig sieves at 3G inches for coarse stuff and 24 
inchds for fine. Kunhardt gives 900 mm. (36 inches) for coarse and 700 mnl. 
(28 inches) for fine. The maximum length found by the author was 48 inches 
on coarse jigs. 

§ 460. Number of STR 0 KE 8 .-^In general, the greater the number of strokes, 
the greater will be the capacity of the jig, but a certain time is needed for de- 
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§ 450 


veloping the full effect of the stroke, and this limits the speed. The ti^ 
needed is less for a short stroke than for a long one and, consequently, the jigs 
with short strokes use a larger nuniter of strokes per minute. In fact the speed 
may be said to depend upon the length of llie strok*!, and the considerations 
which affect the latter indirectly affect tlie former. For a further analysis of 
the stroke, see § 478. 

Eoferring to Table 383, practice seems to divide the mills into three groups. 
First, those wdiieh increase the speed rate from tlie coarse jigs toward the fine, 
but have moderate speed throughout. Tbc're are twenty-four of these, includ¬ 
ing Mills 9, 10, I."), 10, 17, 31, 35, 37, 38, 30, 31, 32, 33, 34, 35, 38, 39, 
40, 41, 43, 8G, 87, 88 and 93. Second, those wdiicb increase speed toward the 
fine jig.s, but use high speed throughout; there are three mills in this group (30, 
36 and 39). Third, those which use practically a uniform s])eed throughout; 
there are nine mills in this group (13, 14, 18, 31, 33, 44, 40, 47, 48). It will 
be seen that by far tlu! larger number of mills belong to the first class, which 
agrees with Furopean practice, as shown in Table 391, ami also with the prin¬ 
ciples laid down at the beginning of this section. 'I’wo out of the three in the 
second class use lead shot on the sieves. Five out of the nine in the third class 
use (lollom jigs. The Anchor mill at T’ark Fify, Utah, rornun’ly used 490 pul¬ 
sions pur minulo of inch each on the 4-mesh sand, and 544 of -J inch each on 
the finest sizes. These are the fastest sjjccds found by the author. 

It is custoTuary to decide upon Ihe sjiei'd of a jig when the mill is designed. 
It is important, therefore, to deride upon the best rate of pulsations. Table 
, 300 gives a summary taken from Table 383, showing the average number of pul¬ 
sations per minute as well ns the ranges for the different sizes ranging from 
coarse to fine for all e.veept the Gollom jigs. The averages appear to the author 
to bo well suited for adoption. 

Table 391 has been pn-pared to show the foreign practice ns recommended by 
authorities or found in tlie mills. It shows that in the majority of oases the 
rates are below the average rates found by tin' author, nspeeially on ih<i finer jigs. 

The speeds used in tlie f’ollom jigs are given in Table 393. The pulsions of 
the Collorn jig are slower than those of the others, because the mechanism re¬ 
quires longer time to get through its eyele of action. 'J’herc is no range of 
speeds in the individual mills, i)robahly becaus<^ there is not sufficient range of 

TABLE 390.— SUMMARY OF TTIE NUMBKR OF STEOKF-S OF JIGS FROM TABLE 383, 
FOR DIFFERENT SIZES OF FEED ON ALL EXCEPT COLLOM JIGS. 


Maximum grain 
of fe«d lioH be¬ 
tween tiiesa 
Dianietora. 

Number of Jigs 
Considered. 

Number of Strokes per Minute, j 

Lowest. 

Highest. 

Average. 

Jigs in which the maximum size fed is known. j 

Mm. 





64-K! 


95 

175 

129 

Sd-16 


100 

175 

181 

lG-8 


80 

250 

144 



116 

2C8 

178 

4—S 


180 

850 

285 

8-1 


185 

400 

250 

1-0 

jHByHIii 

810 

884 

281 



16-8 

8 

leo 


147 

8-4 





4-8 





8-1 





1-4) 



KSiHi 

iBi3i 
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sizes, but by comparing Mill 13 with the others it is clear that the Collom jigs 
in that mill must bc> run slowly because (liey treat coarse material. 

§451. Lenotii of STKOKEj OE THE AMOUNT OF TiiEow.—The throw is ad¬ 
justed according to some arbitrary rule when the jigs are set up. The man¬ 
ager varies the throw from time to time until the jigs are doing their best worL 


TABLE 291. -LENOTfl AND NUMBEU OF STROKES USED IN FOREIGN FKACTICE. 


Authority. 

Size of 
Gruiu 
Ked. 

Number 

OfStrokes 

l>er 

Minute. 

Ijftnffth 
of Stroke. 


Mm. 


Mm 

KitUnger*’ (setzpumpe) 

ft-2 

80 120 

3.3-20 

1 

30-20 

110-120 

75 

Liokenbachi*.| 

13-8 

5-3 

15(.V-120 

130 

50 

.35 

i 

1)4 

150 180 

20-12 

Kunharfit**.-j 

Til 

I-U.3.3 

18.5 

13.5 

74 ! 

1 

, 45-4)0 

1 100110 

1(K)-8(I 

Commons**’. ■( 

IS 8 

1 110-12)) 

,50-40 ■ 

1 

l^-‘4 

1 150 2lK) 

1.5-10 

Clark*® (Przibram, 1 

28 

' 140 

(55 

1880).f 

2 

1 160-llH) 

2(5-8 

Henry*’ (PrziliramM 
1871).■) 

22-1)5 
y-fl 
« 0 

! 120 

' HH) 

2f)0 

52 

40 

(5.(5-4.4 

Bandoiph** (Clous- \ 

17.8H-4.22 

100-120 

30 

thal).) 

1.0-0 

120-130 

12 


Authority. 


Ve*fn (a) (Mecheniich) J 

Lidiiei^* (Sala).| 

. 

Blumeke** (Ijintorf).. | 

Koch®* (GotteBKuhe j 
Ml!!).I 

Koch 9* (Ham ni(*r- ^ 
waschc Mill). 

Moiiclipf^* (VaiKTonj 

Mill). 1 


Size of 
Grain 
Fed. 

Number 

ofStrokeg 

per 

Miuute. 

Length 
uf Stroke 

Mm. 


Mm. 

14 

80 

61 

1.25 

240 

6 

4 

iro 

84-80 

1 

; 250 

Less. 

4-0 

1(50.800 


51-15 

HO 

135 

1.5-1 i 

105 

88 

4-3 

1(50 

1 0 

80 -25 

05 

1 00 

11 K 

05 

i 50 

M II 

220 

1 8 

12-8 

no 

1 68 

2-4 

180-200 

18-8 

4-(» 

2U0-280 

8-14 

5.5 4 

1.50 

80 

2 8-2 

100 

15 

1-0 

200-400 

6-10 


(tt) Private comraanicalion. ((;) LolimanuatVhl iniU. 


TABLE 292.— NUMBER OF THROWS ON COLLOM JIGS. 


Mm No. 

Slzf» of Grama KrI 

Throws por Minute 
fur both Coarse 
and Fititi. 

(louraeat Jig. 

Fiin'St .Tig. 

18. 

Mm. 

19 110 12.7 
StoOdatapigot.) 
4.76 to 0 (1st aplgot.) 

Mm. 

6 86 to 0 

8 to 0 (lust spigot) 
1.17 too 

M 

146 

134to]&6 

85. 

44, 46. 47,48.... 


It is not usual to make any further change after the conditions of best work 
have been once established, unless a radical change is made in the work of the 

Considerations which affect the amount of throw are as follows: 

(1) The'coarser the grains, the greater must be the throw, because coarse 
grains settle faster than line grains and require a higher velocity of current and 
a greater quantity of water to lift them. 

(2) The heavier the grains, the greater the stroke should be for the same 
reason as in the last case. 

(3) A deeper bottom bed or higher tail board on the jig will generally call 
for a longer stroke, because there is more resistance to be overcome. 

(4) If the amount of. clearance space around the plunger is large, a longer 
stroke will be needed than if it is small, to makii up for the leak. 

(5) A plunger that is smaller than the sieve will require its stroke lengthened 
in proportion to the diminution; half the size will require twice the stroke. 

(6) If there is any constriction in the water passage between the plunger and 
the sieve, as in the Coljom jig, a longer stroke will be required to overcome the 
resistance. 

(•7). We may say in a general way the less hydraulic water used, the longer ‘ 
must be the stroke, but since hydraulic -water contributes to pulsion and sub¬ 
tracts from suction, while increased stroke contributes to both pulsion and suc¬ 
tion, it follows thgj increasing'the hydraulic water is not equivalent to increas¬ 
ing the stroke. 
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(8) Although in § 450, it has been demonstrated that the number of strokes 
depends on the length of the stroke, practically in concentrating, the number of 
strokes is setth'd in the design of the mill and the mill man suits the length of 
rtrokc ter the work ho has to do. It would seem, therefore, that the two are 
inter-dependent one on the other within certain limits. This has been shown 

mathematically by Eittingor, who has derived the formula *= y 

GO ’ 

as applying to a setzpumpc where the plunger is the same size us the sieve and 
has no clearance. In this, n is the number of strokes per niimite; ll is the 
length of stroke in inches, that is, twice the radius of the plunger arm; and V 
is the velocity of water in inches j)er second required to hold the whole bed in 
suspension, whatever that may be, but is a constant on any given jig fed with a 
given size of hied. It is clear from the equation that as n increases, H must de¬ 
crease, and vice verm, in order to give the eoTistant value of V desired. This 
formula might be irinde applicable to modcT’n jigs by introducing an individual 
coefficient for every jig, which should correct for plunger clearance and any dif¬ 
ference herween the area of the plunger and sieve. 

§ 453. It is agreed by all that the mill man must judge of the condition of 
his jig by the appe'uranee and feeling of its whole bed, and must vary hydraulic 
water or throw of the filunger or some other adjustment, until lu' gets it right. 
The whole bed must he loose and soft during pulsion, so that the lingers will 
settle into it witliout any etfort as into quicksand, and when the tips of the 
fingers have reached the sieve a decided suction will be felt on the return strokes. 
The particles in the top layer must he lifted during pulsion and yet the pulsion 
must not be so strong us to cause boiling or the breaking through of large water 
currents in spots, nor the suction so strong as to cause hardened banks which 
the pulsion finds ditllcnlty in softening. There is far more danger of these 
adverse conditions in fine jigging than in coarse. Where the jig is run with a 
bottom bed whicb is jnit on. then in order to get the best action of suction the 
bottom bed slionid be lifted daring pulsion. 

In this connection it may be said in the words of Mr. Carkeek, “If the corners 
and edges of tho whole bed are right, the middle will take care of itself.” 

The amount of throw in the mills visiti'd by the author is given in Table 
383. Foreign pructici' is shown in Table 391. ' To help the mill man to judge 
the amount of throw rc(]uired by the different sizes of feed, coinputations have 

TABLE 393.— SUMMAKy OF THE LENGTH OF STROKE OF JIGS COMPUTED FROM 

TAIiLE 383. 


The Maximum 
Grain of Feed liies 
between these 
Diameters. 

Number of 
Jigs Consid- 
ered. (1st 
sieve only.) 

Diumeter of Maximum Grant 
in Feed. 

Length of Stroke on First 
Sieve. j 

Ratio of Aver* 
age Stroke to 

j Highest. 

Ix>weBt. 

Average. 

1 Highest. 

j Ijowest. 

Average. 

Average Size 
of Grain. 


Jigs In which tli*' maxiinum size fed ia known. 



Mm. 


Mm. 

Mm. 

Mm. 

Mm. 

Mm. 

Mm. 


64 to S3 

fi 

.'y.O 1 

3H.1 

41.67 

101.6 

88.1 

07.94 


89 to 16 

11 

2S.4 1 

IK.n 

21.50 

89.1 

35.4 

40.95 

2.82 

10 to 8 

83 

16.0 

K.3 

11.76 

69.H 

12.7 

80.48 


8to 4 

26 

8.0 1 

4.4 

6.81 

48.4 

9.5 

23.47 


4 to 8 

28 

4.0 

3.1 

8.08 

41.8 

1.59 

14.84 


Sto 1 

13 

2.0 

1.22 

1.71 

19.1 

8.97 

12.27 


1 to 0 

8 

0,91 ! 

0.04 

0.78 

6.85 

8.97 

4.76 

6.68 


Tigs In which the maximum size fed is unknown, being fed by later spigots of classifiers. The size eiven Is 

that fed to the classifier. e «« «. 


16 to 8 

8 

11.1 

11.1 

11.10 

38.1 

19.1 

27.61 


6to4 

8 

4.6 

4.6 

4.60 

26.4 

15.0 

80.12 


4to2 

83 

4.00 

2.8 

2.91 

. 88.1 

0.79 

10.16 


8tol 

12 

2.00 

1.22 

1.89 

12.7 

8.17 

7.41 

8.92 

ItoO 

2 

0.91 

0.64 

0.77 

6.86 

1.59 

8.97 

6.16 
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been made showing the relation of the tlirow to the size of feed as found in the 
mills. The results of computations are given in Table 29;i. In preparing this 


TABLE 294.- 


-CAPACITY, HYDKAULIC WATER AND TOWER FOR JIGS IN AIIERICAN 
MILLS. 


Mill Number. 

.s 

I 

z 

_bc 

Number of 
Corapartments 

Size of 
Feed. 

Capacity 

per 

24 HuurK. 

Net Area 
of each 
Sieve, 

Capacity 

per 

HquttrfsFoot 

n*‘r 

24 Hours. 




Mm. 

'roiiB. 

Sq l-'cct 

Totl!5 

10 

1 

Ti 

12.7 9 

(ft) 100-120 

r..(K)0 

H.IKI 9 60 

14 

1 

2 

22.2-9 r, 

29 

5 5.56 

2 61 


2 

2 

9..5-0 

68 

5..5.5G 

5.22 

17 














8 

4 

.5 3i^()r3H-2 


3 .M2 



4 

4 

8-1) 


.H.4a3 







.3 40.3 





2-0 











21 

1 

3 

4.60-3.48 

12 

3..597 

1.54 


2 

4 

.3.48-1.23 

10 

8.597 

0 9t> 


3 

4 

1.22-0 

8 

8.597 

0 77 


4 

4 

1.22 0 

8 

8 597 

0 77 


6 

4 

O.«4-0 

8 

2 368 

0 81 


6 

2 

0 r4-ri 

8 

4.031 

0 99 

25 

1 

2 

0-0 

10 

5.6.5.3 

0.H8 


2 

8 


5 

3.6.37 

0,46 


S 

S 

.3-0 

6 

3.637 

0 55 

26 

1 

8 

6.7-3 0 

1.5 

3 778 

1 32 


2 

3 

3.6-8.1 

1.5 20 

3 778 

1.32-1 76 


a 

3 

2.M.6 

12-16 

3.7*8 

1 06-1.32 


4 

8 

1.5 C 91 

10-12 

3.3:18 

1.00-1.20 


5 

3 

0 91-0 

30-18 

3 338 

1.00-1.20 


6 

2 

0,91-0 

10 12 

S.338 

1.50-1.80 

28 

1 

1 

40-25 

16 

4 250 

4.24 


t 

1 

26-10 

18 

4 2.50 

4.24 

81 

I 

2 

Over 18 

104 

4 500 

l.HO 


2 

2 

18-15 

16l 

8 778 

2.14 


S 

2 

15-9 

IBJ 

8.718 

2.14 


4 

4 

«-6 

IIM 

3.778 

0.74 


6 

4 

0-4 

liM 

8.778 

0.74 


6 

4 

4-0 

lly 

8,778 

0.74 


7 

4 

4-0 

IJM 

8.778 

0.74 


8 

4 

4-0 

iiK 

3.778 

0.74 


9 

4 

2..5-0 

iiM 

8.778 

0.74 


10 

4 

2.5-0 

11M 

8.778 

0.74 


11 

4 

8.5-0 

11M 

3.778 

0 74 

48 

1 

1 

25,4-11.1 

10 

7.(X)0 

1.43 

44 

1 

2 

4 76-0 

20 

,5.194 

1.98 


2 

2 

4.76-0 

12 

5.194 

1.16 


8 

2 

4.76-0 

8 

5.194 

0.77 


4 

2 

4.76-0 

6 

5.194 

0.48 


48 

1 

2 

4.70-0 

20 

5.194 

1.08 



2 

3 

4.76-0 

16 

5.194 

l.M 



8 

2 

4.76-0 

10 

5.194 

o.oc 



4 

2 

4.76-0 

6 

5.194 

(1.58 



5 

8 

2.29-0 

2.5 

5.194 

O.IG ■( 



6 

8 

1.73-0 

3.4 

6.194 

o.ss ■ 



7 

a 

1.80-0 

2 875 

5.194 

0.15 



8 

s 

1.17-0 

4.0 

5.194 

0.28 



Hydraulic 
Wat<*r i)er 
24 flours. 


23,r>43 

10,773 

io,r<2 

S«,542 
23,r)42 
23,r>43 
40,(K)0 
40.{X)0 
Hfi 000 
30,OCX) 


ar>.noo 

10..VX) 
w.ooo 
7 r),(X) 0 -K) 0 . 00 ()j 
0U,(XK>-75,(i(X) 
fiO,<KXU10,(XlO 
40,000-50,IXKI 
HO.00(>-5O,0lK) 
30,(KXM0,(XKJ 


(c) 33.000 
33,000 
(eV«,ra9 
2:1539 
<r)lf5,OS7 
1H0M7 
(r) 15,192 
16,198 
if) 16.09H 
10,681 
7,38fi 
(<') 1.3,380 
11,29.5 
5.HW 
(r) 11,790 
10,444 
7,090 
(e) 8.0.30 
9,331 
6,300 


Hydraulic 
Water jwr 
Square 
Foot per 
Miuiite. 


Uallous. 

23.222 


2.112 
(I..538 
0.528 
1.099 
i.mw 

1. {X17 
1.00.3 

3.. 505 
2 074 

2.. 340 

2. (X>5 


1.5:35 
O.OG8 
0 887 

4,r)9.vo,J2r 
3.07(1-4..596 
3 <N14 8.070 
3.778-3.413 
2.08SW} 4?2 
,3.136-4.107 


(t')4.27n 
4.279 
(e)8.147 
8.147 
(e)2.381 
2.381 
(e)S asi 
2.031 
(e)2.019 
1.40H 
0.981 
(e) 1.789 
1.510 
0.776 
(<') 1.570 
1.395 
1.029 
(e)1.164 
1.246 
0.842 


Water 
Used 
per Ton 
of Ore. 


TtlUK. 

15.29 


13 90 
10.08 
18.84 
15.04 


10.42 
8 70 
9.U3 
24 32 
10 08 
10 99 
17 on 
15.16 
13.37 



TTorae 

PowtT 

Ueq Hired 
per Jig. 


(6)5 


(c) 


About ^ 


1 

id) I 


(a) ‘these are for 10 bours 'natead of 24. (6) The otlior jig of this mill also uses 6 horse power, (c) The three 
of Mill 16 use ^ horse (X>wer each, (d) All the jlp* of this mill use 1 horse power each, (e) la this DdU' 
tiie quantities are for the separate sievee of each jig. 

table from Tobie S83, only the first .sieves of the jigs wore considered, and such 
jigs as had the area of +he plunger much less than that of tlie sieve, were omitted; 
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The first column simply serves to throw the jigs into classes. The second 
column states the number of sieves that were considered in each class. The 
third, fourth and fifth columns give respectively the highest, the lowest and the 
average maximum grain fed to any of those jigs. The sixth, seventh and eighth 
columns give respectively the highest, the lowest and the average length of stroke 

TABLE 295.— CAPACITY, HYDRAULIC WATER AND POWER FOR JIGS, AS OBTAINED 
FROM VARIOUS AUTHORITIES. 


Mill or Authority. 

1 No. of Com 

1 partments. 

Size of 
Feed. 

Capacity 
per 24 
Hours. 

Net 
Area 
of Each 
Sieve. 

Capacity 
perSquare 
Foot per 
24 Hours. 

Hydraulic 
Water per 

24 Hours. 

Hydraulic 
Water per 
Square 
Foot per 
Minute. 

Water 
Used 
per Ton 
of Ore. 

Horse 

Power 

Requir* 

per 

Jig. 

Rlttin^er. 


Mm. 

T<mH 

Sq. Ft. 

Tons. 

Qalions. 


Tons. 




(a) 

89.0 

5.00 


54,072 

r.Bt 



8 

30-20 

8.K8 

8.88 

8.40 

1.63 

0.72 

6.90-12.52 

7.20 

10.00 

13.28 

2.91 

2.81 



3 

tin 

(i) 

19-1 

19.0 




4 

11,9 



0.8 

Kunhardt..... 

2 

4H-80.4 

8.45 

4b!(I88 

21,544-20,930 

4,8:1 

2.18-2.71 

Ditto. 

•» 

4-1 4 

2K.8-48.2 

3.45 

4.17-6.26 


Ditto. 

g 

1-0.35 

19 2-24 

8.45 

2.7H..3.48 


Furman. 

8 

80-20 

88.4 

4.2H 

2.99 

54,720-61.8()0 

2 90-3.,50 

0.49 

10.(56 

7.00 

1 



2-1^ 

20-18 


8.50 

3.81 



3 

24-80 

43,2(t0- 57,(HK) 
43,2W)-57,000 

2.U0-3.5< 


8 

3-lH 
Below 2 

12-10 





Ditto. 

4 

0-12 






Koch {(iolteagabo ( 

2 

30-25 

1.5.8 



52,824 

44,900 

42.259 

39,618 

34.886 

84.886 
}U.:i36 


18.94 

12.91 

18.85 

12 51 
18.51 
15.60 
18.12 



4 

25-20 

14.5 





Ditto. 

4 

2015 

18.2 






4 

ir>ii 

18.2 





Ditto. 

4 

11 -H 

10.0 





Ditto. 

4 

a 6 

9.Si 





Ditto. 

4 

4 

4 


7.9 

0.6 

4.0 





Ditto. 




84,830 

81,004 

S4,8S0 

81,694-84,880 

81,094 


21.69 


Xooh (H a III ui e r • 

4 

18-8 

1.8 2 




10.86 

16.70 

18.87 



4 

8-5 

C.6-10.6 





Ditto. 

4 

4 

4 

■a 

6.6-7.9 

6 8 

7.9 





Ditto. 



81,094 

31,6m 

21.180 

18,206 

57,060 


2-1.93 
10.73 
16.62 
16.49 
19.99 


Ditto. 

4 

0.8 





Ditto. 

4 

S.iM.U 





B16meke (I>ippou-l 

5 

4 

11.9 

(«) 

0.50 

l.CO 



5 

2 

0.6 

tc) 

0.28 

88,03^7,542 

1.11-1.39 

27.03 


Q a t a s' Catalogue ( 

8 

4B-8B 

44.4 



8 

80-20 

38.4 







Ditto. 

3 

80-13 

82.9 



. 




Ditto. 

3 

ia-« 

27.0 






Ditto. 

3 

H-5 

24.0 






ii7 


8 

6-3 

21.1 






Jfl 

Ditto.. 

8 

B 

2 

8-2 

2-lH 

8 

19.2 

10.0 

60.1 






3 

Blbmeke (B re Ini- 1 
^rbergmill)..... f 

4.28 

7.H1 

M,033-80,175 

5.31-7.04 

4.76 

1 

4 

24-6 

22 18 

7.9-9.8 

2.17 

0.91-1.07 


li^rraris (Moutopoui) 

1 

1 

24 cu. m. 
24 cu. m. 
89.6 

3.87 

5.27 







11,720 

11,720 

11,720 

11,726 

8,567 

84,808 


1.23 

1.88 

1.69 

1.69 

1.59 

14.07 


Ditto... 


lf>13 

85.6 





Ditto... 


12-0 

20.0 





Ditto. 


0-0 

20.0 





Ditto.... .. 


M 

22.4 





Ditto. 


4-2 

2-d 

7.92-11.9 

7.02-11.9 

8.8 




1 

Ditto. 




m,K08 

m,8C8 

84,868 


14.67 

44.06 

44.05 

1 

jMtto. 


a-0 

8.8 




1 


1,200 to cubic feet. (6) Third spig^ot of pointed boxes. 
4.8M 65 Mid O.M square feet resp^tively for the five sieves. 


(c) This varies Id this jig, being 8.08, .8.06, 


on the jigs of each class. The ninth gives the ratio of the average throw to the 
average diameter. In the upper part of the table, the last column shows that for 
the largest sizes the throw can be only a little mo^e (1.6 times) than the diame¬ 
ter of the grain, but that for the fine sizes it has to be much larger (6.5 times). 
The intermediate sizes are graded from the smaller toward the larger. The 
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lower part of the table shows the same thing, hut the ratios are of less weight 
since the jigs considered are those treating later spigots of the classifier, and 
the ratios are based on the maximum sizes fed to the classifier and not on those 
fed to the jigs. 

Porei^ practice regarding the length of stroke, as shown in Table 291, 
appears in every case to fall within the ranges given by the author for American 
mills. The averages seem, however, to be a little higher, especially on coarse 
jigs. 

In regard to the amount of throw used on the several sieves of a multi-sieve 
jig, the majority of the mills gradually diminish the throw on the later .sieveg, 
owing to the lighter bottom bed. For these amounts the reader is referred to 
Table 283. 

The smallest throw recorded by the author is ^ inch on the last two sieves of 
the No. 5 jig in Mill 29. It should be noted that this mill has a very small 
stroke throughout and the number of strokes is among the highest. 

One would naturally expect that the amount of throw on the Collom jigs 
would be large, owing to the small size of the plunger as eomjaired to the sieve 
and to the constriction in the passage between them. The table .shows this not 
to be true, however, a.s these three factors appear to be offset by the low height 
of the tailboard and the high velocity of the stroke, and in souk'i cases by the 
larger quantity of hydraulic water, so that their throw is not above the average. 

§453. HvDRAnuu Water Quantity. —In general, jigs treating coarse stuff 
require more water than those treating fine stuff, because larger grains settle 
faster and because water can pass up in a small number of largo interstices 
with much less friction than in a large number of small intersliees, even though ' 
the total sectional'area may be the same in both eases, and because larger dis¬ 
charge orifices are required above and below. 

The variation in the quantity of hydraulic water is more used for regulating 
the jigging work from hour to liour than any of the other three frequently used 
adjustments, viz.: rate of concentrates discharge, thickness of bottom bed and 
in some cases the rate of feed. 

Some of the considerations which affect the work arc as follows; Increase 
of water decreases suction and lessens the hutch product; decrease of water in¬ 
creases suction and with it the amount of hutch product. Again, incrca.se of 
water increases pulsion, while deerca.se diminishes it. AVhen .sized products 
are jigged,-the less the suction the bedter; hence a larger quantify of hydraulic 
water, if it can be afforded, will make the jig work quicker and bettc'r. When 
sorted products are jigged, much suction is desirable; hence, hj-dranlic water 
will naturally be diminished. When first spigot products or natural products 
containing mixed sizes and gravities are jigged, a conflict of intere.st.s occurs. 
The presence of large grains of heavy mineral makes for little .suction and mueli 
hydraulic water, while the presence of fine ore makes for much suction to draw 
it down into the hutch. A msual compromise sewns to be to use rather a larg§ 
throw to the plunger to get the suction, and rather a large quantity of hydraulic 
water to soften up the whole, bed and favor the settling of the lar^ grains. In 
other words, to pay more attention to the fines than to the coarse because of the 
two the coarse grains can bc.st take care of themselves. Probably the. best plan 
of all is to use a sieve and added bottom bed so coarse that the whole concen¬ 
trates shall go into the hutch and then run the jig with diminished hydraulic, 
water, and strong suction. 

In regard to the water quantities to be used, exact rules cannot be given, be¬ 
cause the quantity of water will depend upon the area of the sieve, the number 
of sieves, the quaE,tity and quality of the ore fed, the number and length of the ■ 
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strokes and the height of the tailboard. The final regulation must be according 
to the appearance and feeling of llie whole bed as previously described under 
length of stroke. However, to give a general idea, the quantities used by some 
of the jigs in the mills are shown in Table 294, and data from the literature in 
Table 295, and to better serve for comparison, the amounts have been reduced 
to gallons per minute per square foot of sieve area, and to tons of water per 
ton of ore. The following facts from the table on American mills are note¬ 
worthy : 

The amount used varies from 10,500 gallons per 24 hours on a three-sieve 
jig of Mill 25 to 400,000 gallons in 10 hours on the five-sieve jig of Mill 10. 
The average of all is about 05,000 gallons per jig per 24 hours. The average of 
all except Mill 10 is about 34,000 gallons in 24 hours. 

The amount per square foot of sieve area varies from 0.528 gallon per minute 
in Mill 17 to 22.22 galloms in Mill 10. The average of all is 3.635 gallons. 
The hydraulic water used ])er ton of ore varies from 8.76 tons in Mill 25 to 
54.98 tons in Mill 48. The average of all is 19.85 tons. Considering the 
water per square fool of sieve area, the Missouri blende jig (Mill 10) appears 
as if it were extraordinarily lavish in water, while the Lake Superior finishing 
jigs (Mill 48) appear as if they were economical; but if the quantity of ore 
treated is taken into account, the former is shown to be economical on account 
of its high capacity, while the latter arc the most lavish of all, owing to their 
low capacity. 

Table 295, obtained from various auihorities, most of whom represent foreign 
practice, shows figures which come well within the ranges given by the author 
‘ for American mills. The average of water used per ton of ore appears to be 
somewhat lower. 

It would seem best to use as clear water as possible. Thus, Mill 28 has 
found that at times, without any apparent cause, on the. fine jigs, the whole beds 
become as hard as boards, and of course the crude ore coming on passes over 
into the tailings. To remedy this, they have sonietime.s, if the water that was 
fed to the jigs was at all slimy, introduced clear wjater instead of the slimy 
water, the latter being removed by unwatcrers. 

For economy of water. Mill 22 uses the overflow of the box classifier as 
hydraulic water for the No. 2 jigs. 

§454. Capacity of Jins.—By this is meant the quantity of crude ore that 
can be handled in a given time. It is influenced by a number of considera¬ 
tions which, will now be taken up. The width of the sieve seems to be one of 
the most important of the.scu Other things being the same, the capacity is 
nearly in proportion to the width; a jig with double the width would have double 
the capacity. Thi.s is not quite true, since all jigs have a strip of about 1 inch 
width on each side where poorer work is done and this counts more against 
capacity on a narrow sieve than on a wide one. 

The capacity increases as the length increases, but not nearly in proportion 
thereto, and if longer and longer sieves were tried a length would soon be reached 
where, iurthcr addition W'ould gain nothing. The length of a sieve affects the 
capacity in this way: The act of jigging removes the mineral grains from the 
top layer and deposits them in the bottom bed of heavy concentrates. The 
concentrates are removed by automatic discharge or by passing into the hu^h. 
■The rate of settling of the mineral grains varies from the heavy, compact, pure, 
xubical grain, which settles from the top layer almo.st immediately, requiring 
perhaps only five or ten pulsions and suctions, to tho flat scales and the included 
■ grains which settle slowly, requiring a large number of strokes. It follows that 
the longer the sieve the more of these grains will be caught, but, on the other 
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hand,'each additional inch of length catches less than the previous one, while 
1 quantity of hydraulic water. To partially overcome this 

ditnculty is one of tlie reasons for using a series of sieves, instead of one very 
long one, for wlicre a series of sieves is used the hydraulic water, amount of 
throw, depth of the bottom bed and other adjustments can be varied to suit the 
conditions in that stage of the separation. As a rule, the second sieve receives 
less hydraulic water and less pulsion and depends more on suction, the third 
more still, and so on. In this way the sciics of sieves give a series of products 
graded in quality from rich to poor. 

If jif? is overdriven, the head end simply becomes solidified by the grains 
which come taster than the jig can assimilate them, and the whole of the 
hydraulic water has to come up near the tail end, causing violent boiling and 
ruining th(> work of the jig. Great length of sieve aggravates this condition. 
With coarse work this fast feeding may become allowable by using longer stroke 
of the plunger and more hydraulic water, hut little can be done in the way of 
increasiiig capacity on the fine jigs, because the longer stroke is not allowable, 
neither is greatly increased hydraulic W'atcr. 

'The area of the sieve .surface is an important factor in the capacity of jigs, 
as, within certain limits, the length and width are probably to some extent 
interchangeahlc, that is to say, the capacity is projiortional to the arc'a, and it 
is not improbable that a .sieve 24X21 inches (57G square incbe.s), would give as 
good or better results than a sieve 10.2X30 inches (STfi square inches), on the 
same quantity of ore, owing to the more deliberate rate of working and the more 
even bottom bed due to the shorter sieve. 'Phe manufacturer, however, if making 
a sieve 24 inches wide would probably make it 40 inches long, more or less, and 
thus gain the capacity duo to length and area. This is probably because it costs 
more to make a wide jig than a long one and a wide jig necessitates a taller 
structure. 

The quality of the separation affcots the capacity; that is to say, a jig, to do 
good work, cannot be hard driven, but must be run moderately, because the 
particles must be separated more perfectly and require more time. The slow 
driven jig may use higher quantity of water per ton of ore treated, but does not 
always do so. 

The size of the grains afferts capacity as follows: Jigs working upon coarser 
grains have higher capacity than those working on finer. This is because of 
the longer .plunger movement that can bo used on coarse jigs, which causes a 
particle to settle farther in a stroke, and because of the les,ser number of grains 
to be separated in a vertical column. P'or example, when jigging j-inch grains 
with a tailboard 4 inches high, the wliole bed is only 16 grain.s high, and if the 
bottom bed of coarse concentrates is half of that, a grain of mineral has to settle 
only a di.stance equal to eight of its diameters in order to find itself among the 
concentrates. If, however, the grains are ^ inch in diameter, the whole bed 
will be 80 grains high and the heavy grain has to pass below forty other grains 
before it find.s itself among the concentrates. The amount of plunger throw, 
and the number of them cannot bo increased sufficiently to bring the speed of 
separation of the fine grain up to that of the coarse. 

§ 455. Boils and hard banks are very troublesome conditions which occur 
only on very fine jigs and limit their capacity. The hard hank forms from the 
suction wliich felts the particles together; the hoils are little craters or holes in . 
the_ bank, which give vent to the upward current due to pulsion, so violently in 
spots that the principles of good jigging are seriously interfered with. The 
mill man finds hinusclf perplexed and obliged to select a mean course between 
the various evils. A thick bottom bed of coarse eoneentrates and a thin top 
layer are most favSrable conditions for avoiding the hard bank and boils. Ji, 
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will be necessary to look carefully, however, that the bottom bod does not run 
to waste over the tailboard. If strong suction is used to draw down the values, 
the hard bank is thereby made a maximum; mild suction must, therefore, be 
used. If much plunger throw is used, the boils are increased; little throw must, 
therefore, be used. If a moderate number of strokes is used with little throw, 
the rate of jigging is very small; the mill man therefore, will inercase the num¬ 
ber. A liigli number of strokes must, therefore, be used, in order to get more 
work done. 

The per cent, of concentrates in the ore affects the capacity of a jig, the 
higher the per cent, the less the ca])aeity. This is because when the concentrates 
form a large proportion of the jig stuff, it i.s imj)ossible to get them away fast 
enough for high capacity, even though they are removed a.s fast as possible by 
both hutch and automatic discliarge, and also because the larger proportion of 
con(;entrates forms a heavier whole bed from which it is more difficult to lift 
out the gaiiguc. 

It may be further said that the method by which the concentrates are removed 
will affect tile capacity. Skimming gives the least; automatic discharge alone 
is second; the hutch only is probably third and the aulomatic discharge and 
hutch is probably most rapid. Vbirying conditions, however, may cause some 
change in this order. 

The capacity i.s influenced by the ease of separation. Where two minerals to 
be separated are of widely difl'ej’cnt sjiecitic gravity, they separate rapidly upon 
the sieve and make high capacity jiossible. Where the minerals are in coarse 
crystals and break clean and free without included grains, even though their 
specific gravities arc not far apart, high capacity is attainable. The treatment 
to get as easy a separalion us ])ossihle, will vary with the kind of product to be 
jigged. If a sized product is jigged with a largo quantity of water, so as to 
have little suction, the sejiaratioii takes place at an extraordinary speed. If a 
sorted product is treated with a coarse sieve, a coarse, thick bottom bed, a thin 
top layer, and little water, making much suction, the treatment wiH bo rapid 
even with moderalcly fine jig stuff. 'The liner the bottom bed and the finer 
the sieve, the slower will the treatment he. Where the, jig stuff is fine, a thick 
top layer particularly makes slow jigging. In jigging the product of the first' 
spigot of a classifier or a natural product, the method to he pursued to get the 
best capacity has already been indicated in § 453 under hydraulic water. 

The height of the tailboard afl’ect.s the capacity by making it greater as the 
height is diminished, but a tailboard of moderate height must be used for good 
work. 

Irregularity of food is a great source of loss of capacity. Over feeding spoils 
the work; under feeding wastes time. The feed of jigs should he, therefore, 
regulated to make it as even as possible. 

It is impossible to give exact eaj)acity of sieves for jigging; there are so many 
ways of increasing capacity, some of which are employed here and others there.; 
there are so many grades of diflieulty in the problem, some very easy, others very 
difficult oi solution; and there are so many grades of good and bad work, one 
of which is called standard in one place, another in another place. The results 
as far as obtained in the mills arc given in Table 294. The fifth column gives 
the total capacity of the whole jig, which ranges from 120 tons in 10 hours in 
Mill 10 to 2f tons in 24 hours in Mill 48. The decrease from coarse jigging to 
fine jigging is well shown in Mills 21, 44 and 48. Since some jigs have largf 
sieve area and others small, column No. 7 has 1 sen computed in order to get a 
comparative figure and gives the capacity per square foot of sieve per 24 hours, 
which ranges from 0.15 ton in Mill 48 to O.fiO tons in Mill 10, while the most 
of them are between 0.50 and 2.00 tons. The large capacity of Mill 10 is duei, 
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first to the fact that although the gravities of the sphalerite and gangue are 
near one another, the crystallization is coarse, breaking easily to free sphalerite 
and gangue with little included grains, which can be jigged in coarse sizes; sec¬ 
ond, to the coarse sieve that is used, making a very free working open bottom 
bed; and third, to the large sieve area. No scheme of saving the finest slime 
ore has yet bren adopted. 

The small capacity of the finishing jigs of Mill 48 is due to the fact that they 
are jigging fine stuff with heavy gangue and are coaxing out the last of the light, 
flaky, frizzly leaf copper. None but the most careful and deliberate treatment 
could succeed here; it is probably the most difficult product for jigging that is 
to be found. 

•To illustrate the very high capacity of the class of jigs to which those of 
Mills 9 and 10 belong. Table 296 is given as the average work of a six-compart¬ 
ment No. 1, or roughing jig, with sieves 30X42 inches, M'lien treating the under¬ 
size of a 9-rtim. screen. This table is furnished by Mr. E. J. Tutty and Mr. 
Henry Faust (private communication). For the No. 2, or finishing jig, with 

TABLE 296. —CAPACITY OF BLENDE JIOS OF SOUTHWEST MISSOUHI. 


Amount of Zinc 
in the Ore. 

Capaiiity of 
jKF 10 Hours. 

Amount of Zinc 
in the Ore. 

Capaoilv of Jip 
IK'r l(t Hours. 

f 

Tons. 

f 

Tofis. 

5 

150 / 

20 

100 

10 

125 

80 

80 to IK) 


T 


six compartments, each 24X42 inches, the average capacity is 50 tons in 10 
hours, of which as ipuch as 25 tons may be turned out as clean concentrates. 
Working at the above capacities, the tailings should be free from mineral and 
the loss in slimes should be small. 

Table 295 sums up notes and opinions of authorities upon foreign practice. 
Unfortunately, the- data are not complete and comparisons cannot be readily 
made, but in general, it corresponds to the facts found by the author in American 
mills. 

§456. Power Used in Jigging. —This may he divided into and discussed 
under the following heads: 

Work of Lifting Sand .—During pulsion the whole bed, including the bot¬ 
tom bed and (he top layer, are opened up and held in suspension, making large 
interstices through which the upward moving water passes. The lowest grains 
may not be lifted at all; the top grains arc lifted the most; others are lifted 
according to their position, more toward the top, less toward the bottom. A 
rough computation of this work may be made by cstimuting the distance the 
water movc.s up and the weight of sand held in suspension, and we have weight 
multiplied by distance equals work. 

Work of Drawing the Retvming Water Down through the interstices in the 
"whole bed and the sieve cloth is a case of friction of water flowing through 
small, irregular and crooked pipes. If the top layer and bottom bed wore of 
one size, this might be approximately computed, but where these vary, the Value 
can only be obtained by some empirical method. It should be said, however, 
that during the earlier part of the return stroke, the work is little or even zero, 
and it increases till it becomes probably one of the greatest elements in the total 
consumption of power by the jig. 

The Friction on the Jig Walls and Sieve Cloth, Due to Moving the Large 
Mass of Fa/er.-rThe large area of section and the slow speed of the water make' 
this'a small quantity. The smallest movement with highest speed, in Mill 29, 
is 400 pulsions of O.Ul’Sfl inch. The total pulsions are 6J inches, or puleioiU ', 
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and suctions 13J inches per minute. The greatest movement with moderately 
alow speed, in Mill 39, is 140 strokes per minute of 4 inches each, which gives 
560 inches for pulsion and 1,130 inches, or 93 feet per minute for pulsion and 
suction together. This ]>articular jig, however, gives a much larger figure than 
any other. As the passage is crooked and its shape irregular, this friction prob¬ 
ably cannot be coiiijiuted. These figures also show why a coarse jig uses more 
power than a tine one. 

The Oscillatorij Action. —1'here is in a plunger jig a definite oscillation of 
the water, consisting of a downward movement on the plunger side, with an 
upward on the sieve side, followed by the return or ujnvard on Ihc plunger and 
downward on the sieve side. 'I’his oscillation has a definite period of time for 
it to take place, due to gravity, and if the plunger wore so speeded us to conform 
to this time, the forward work would lx; nearly resiored by the return work. 
Practically, the rale of oscillations is much greater than that of gravity, and 
the machine works out of harmony with this vibration and its work is increased 
in con.«('quence. No value exists of this work, but it is probably not large. 

IncrUa of tttnriiii;/. —A certain amount of work is used in accelerating the 
velocity of the great mass of water from tiic dead point of the eccentric,to half 
stroke. The power so used is given back to the piston during the retardation 
in the remaining half stroke, leaving jmibaldy a balance of no work performed. 

Friction of the Piston on the Water. —A certain amount of work is expended 
in overcoming this. It increases ns the clearance decreases. If the hydraulic 
water is fed in above the pluu,i.'er, this friction will bo greater upon the up 
stroke than upon the down stroke. 

Mechanicat Friction of the shaft in its ho.xes, of the eccentrics and of the belt, 
will be, under best conditions, a certain percentage of tlu' whole power expended. 

This analysis of the pow’er \ised in jigging is practically unexplored ground 
and no figures exist to give values to the different contributing parts, ljump 
figures are given as obtained from the mills, in Tables 394 and 395. These, 
with Uie exception of the great jig in Mill If), which uses 5 horse powef, all lie 
between i and 3 horse jmvver. Tlie figures given for Mill 81 and from Gates 
catalogue both show that coarser jigs require more power than finer, owing to 
the greater distance traveled by the piston per minute. 

llabcrmainfi’", gives results of a dyuamoitieler test of the power consumed by 
jigs at Przibram, ns shown in Table'397. Kllis Olark, .Ir.““, states that accord¬ 
ing to a dynamometer test, a two-sieve jig at Przibram in 1881, jigging 38-mm, 
grains, with 4-mm. sieve holes, with sieves 1.36 m. long by 0.6,5 m. wide, and 
with 140 strokes per minute of 6.5 mm. each, consumed 3.437 horse pow'er. 

TABLE 397.— POWER FOR .TIG.S AT PRZIBRAM IN 1879. 


Numbtir of 
Rievea. 

Size of Sieve. 

No. of Throws 
per Mlmite. 

Amount of 
Throw. 

Horse Power 
Required. 


Indies. 


Mm. 


4 

15x84 

200 

6 to 8 

2.36 

2 

16x31 

160 

18 

1.64 


Fraser & Chalmers use in computing nc:w work (private communication): 
For a 1 -sieve jig, IJ horse powci ; for a 3-sievc jig, 3 horse power; for a S-.'^ieve 
jig, 8J horse power; for a 4-sieve jig, 3 horse power; and they add 15% for fric- 
.tion of shafting, slip of belts, etc. 

Rittinger estimates that jigs require tV 'I'O iV horse power per square foot of 
surface. This figure is lower than any of the rIdovc. 

In closing, it may be sa'd that the power required to drive a jig depends upon 
tbe area of the sieves, the height of the tailboardj-the specific gravity of the jig¬ 
ging stuff, the length of stroke and the number of strokes per minute. 
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§457. Life op Jigs. —This depends upon the perfection of the design, the 
solidity of the construction, and the care with which they are handled, and also 
in the case of iron jigs upon the acidity of the ore and water. 

Wooden Collom jigs at Lake Superior were used nearly continuously for 12 
years for 24 hours a day, six days in the week, and were still doing good work, 
but needed to be replaced. Cast-iron jigs were put in, and have been used six¬ 
teen years and, are still in good order. Lake Superior practice lays off a stamp 
head and all its jigs for repairs from time to time, so that the above figures 
should be .somewhat reduced, for actual working time. 

Kunhardt gives for European practice that wooden jigs last in good condi¬ 
tion from 8 to 10 years, working 11 hours per day. 

Jig.s require but few repairs aside from the sieves, the wear on them being 
slight. Quotations of the cost of repairs from four mills arc as follows: Mill 
10, $25 per jig per year; Mill Ki, no repairs in years; Mill 24, very small; Mill 
31, $16 per year. 

§ 458. Co.sT OF Jigs. —Mill 22 reports that Harz jigs purchased cost $200, 
of which $90 is for iron work. This figure probably'applies to threc-eonipart- 
ment jigs and does not include freight. A home made jig can be made for $115. 
Best pine cost $20 to $22 per thousand at this mill. 

Mill 30 reports for making four two-coiii])artnieiit Harz jigs, twelve three- 
compartment and sixteen four-compartment: 


Iron work at factory.$3,037,00 

Fremht. *, 05.45 

Lmulmr, 29.400 at$23.ri0 per thousand. 661.50 

Labor on 32 jiKK. 2,670.1X1 

Total for 82 jiRfl.SC,H7S.05 

Average for one jljf. 214.81 


Mill 15 reports the cost of four-compartment Harz jigs at $200 each. 

All of the jigs above mentioned are wooden jigs with wooden frames. 

§459^. Labou foe Running Jigs.— This depends upon the manner in which 
the jig'is run; if it is fed and discharged automatically, it does not need so 
much labor. Table 298 gives the labor for running jigs' with fixed sieves. In 
Mill 12 there are ten movable sieve jigs and Harz jigs, and they use six men 
per 10 hours at 90 cents per man. For the labor for hand jigs see § 374. In 
regard to European practice, Linkenbach allows one man for three 4-sicvc 
jigs. Bldrackc states that one man can attend two machines where the feed 


TABLE 298.—LABOR FOR RUNNING JIGS. 


uni 

No. 

Men per Shift. 

Number of 
JigB. 

Cost per Man. 


Mill 

No. 

Men per Shift. 

Number of 
JigB. 

Cost per Man. 

10 .,... 

3 

2 

J*1.50 

1 2.ri0 


.31.... 

isf 

14 

384.00 

1 8.60 

18.,... 

1 

e 

4.00 


33.... 

2 

20 

8.60 

20 . 

1 

12 

8.00 


3i.... 

(0)2 

3 

89 

2S. 

2 

16 

l-.W 



20 

8.60 

24. 

1 

14 

1.80 


40.... 

2 

18 

8.50 

28. 

1 

12 

8.00 


43.... 

1 

28 

8.60 

27 . 


13 

14 



86 .... 

mi 


28. 

4 

2.75 





(a) They alsd do the oiling, (b) He also attends the revolving acreens and the cleaning Jig. 


and products are moved automatically, or two men to one machine where these 
Jiave to be wheeled by hand. In this connection it may be noted that the quality.' 
of .the labor employed is of considerable importance, as affecting the quality of* 
the wbrk done by the jig. 

LiitiT OF Sizes Jigged. —There are three limits to be considered in jigging^:' 
(1) The coarsest rize jigged, (2) the finest size jigged, (3) the range of si^ 
jigged by any on^ ji,g. The first two of those are given in Table 299. ' '* 

‘■•T, ■ ' ' 




















TABLE 299.— COARSEST AND FINEST SIZES FED TO JIGS. 


IS 

Range of 
Sixefi Fed to 
the Coarsest 
JiR. 

Range of 
Sizes Fed 
to Finest 
Jl?. 


Mm. 

Mm. 

10 

18.7-0 

S.18-0 

18 

19.1-18.7 

6.35-0 

14 

88.8-9.5 

9.6-0 

15 

Over 18.4 

2.8-0 

16 

80-10 

8-0 

17 

10-7 

8-0 

») 

6.4-S.7 

1.5-0 

91 

4.6-6.48 

0.64-0 

92 

Over 12 

8-0 

la 

7 

,8-0 

9i 

10-7 

a-o 

85 

6-4) 

8-0 

86 

6.7-8.0 

0.9t-0 

87 

S8.1-25.4 

2-U 

88 

40-26 

2-0 

20 

6-4 

2.5-0 

SD 

25-15 



Kind of Product Fed 
to Finest Jig. 

6 

Z, 

3 

Range of 
Sizes Fed to 
the Coarsest 
Jiff. 

Range of 
Sizes Fed 
to Finest 
Jig. 

Kind of IVoduot Fed 
to Finest Jig. 




Mm. 



Hutches of iig. 

Undersia^ or trommel. 

81 

Over 18 

2.6-0 

Last spigot of classifier. 

38 

Over 12 

2.0-0 



Undersize of screen. 

83 

12.7-7.9 

8.3-0 


»i 

Last spigot of classifier. 

34 

15-13 

8.0-0 


4< 

Undersize of trommel. 

36 

Over 10 

2.6-0 


** 

Overflow of classifler. 

«« 

12.7-7.9 

8.8-0 


W 

Undersize of trommel. 

.88 

88.1-22.2 

1.6-0 


»« 

Last spigot of classifler. 

SO 

64-.38.1 

2.5-0 



40 

20-7 

8-0 




41 

16.9-9.5 

8.2-0 


** 

i Spigots of classifler and 
< tailings of trunking 

48 

25.4-n.l 

l.SO-0 

Hutc 

les of jigs. 

44 

76.2-0 

(a)l.WM) 

( niHchine. 

46 

4.76-0 

1.17-0 



Last spigot of classifier. 

47 

25.4-0 

1.80-0 


♦* 

“ “ 

48 

4.70-0 

1.17-0 


“ 


m 

9-6 5 

((■) 

Oversize of trommel 

“ “ 

KH 


0.64-0 

Spigot of classifler. 

M H 

92 


30-50 mush. 

Oversize of trommel. 


((0 This, Htiil t)rnl>olilv thi* Oirei' followiojj have a real rnaxununi diameter of not over 0..5 mm., although 
they have paabed through jjg sievt's of the aizes namod. (6) Through 0.M5 slot on 0.88 square hole. 

I 460. The Coarsest Size Jigged in a mill depends upon tlie perfection with 
wliieli the mineral is unlocked, upon the amount of graded crushing, sizing, jig¬ 
ging and re-treatment of midillings, and finally, in a few cases, upon the maxi¬ 
mum size of grains that a jig can treat on account of the high speed of water 
currents necessary for coarse stulf, and the consequent excessive power required. 
The more perfectly tiie heavy mineral is unlocked and, therefore, the less included 
grains there are found in the feed to the jig. the coarser may the feed be. Mills 
27, 28, 30, 38, 39 and 43 an' instances of .cases where a sudieient amount of heavy 
mineral is unlocked to make the coarse jigging indicated worth while, and 
thereby save some of the loss in slimes which would be caused by fine/ crushing. 
Mill 40 tried a ont-sieve jig on stuff ranging from 20 up to SO mm., in order 
to sav" some preliminary crushing, but it was found that the concentrates had 
too much gangne attached. 

The above instances illustrate the higher limit of feed size used when graded 
crushing, sizing and re-treatment of middlings is practised. Mill 10 is an in¬ 
stance where the whole treatment takes place upon one jig without any sizing 
whatever, and without any re-crushing of middlings. The ore, which is un¬ 
locked very freely, is all riushed to 12.7 mm. in order to equalize the losses be¬ 
tween included grains on the one hand and slimes on the other. 

The coarse jig in Mill 44 is an expedient for saving the large nuggets of cop¬ 
per from the clean ups of the steam stamp mortars, and they also incidentally 
save a lot of small copper. 

As to the maximum size of grain that a jig will treat satisfactorily, a figure 
cannot be given positively. Mill 44 is an instance where jigging 76-mm. (3- 
inch) stuff i.“ considered worth while, even where the largest lumps do not move. 
It is probable that the desired result would be better attained if the 76-mm. 
material was screened in a trommel with 25-mm. holes, the oversize hand picked 
and the undersize jigged. In fact this is practically the treatment given to 
similar stuff in Mill 47. Some authorities have given the maximum size that 
can be jigged as follows: Kunhardt, 32 mm. as usual European practice and 
64 mm. at Lintorf; Davies, 41.3 mm. (If inch s) ; Linkenbach, 30 mm.; Rit- 
tinger, 64 mm.; Le Neve Foster, 25.4 mm. (1 inch). Hand picking is used on 
stuff which is too coarse to be jigged. Some ideas on the lower limits of imnd 
picking have been given in § 366. 
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§ 461. The Finest Size Jigged. —In the greater part of the mills this is not 
governed by the peculiarities of the ore or the extent to which graded crushing, 
graded sizing and graded jigging are used, hut by the finest stuff tliat a jig is 
able to treat. The jig has proved such a perfect separator, as a rule, that it is 
fed with sizes down to its limit of good work and often beyond that point. The 
tailings of jigs treating fine classifier products, unless they are worked slowly, 
with open, fri'c-working bottom beds, and thin top layers, which is usually not 
the case, contain too much of value, but the mill man has done all he can with 
the apparatus at command, so lets the tailings go to waste. Vanners, Wilfley 
tables or slime tables, are fed with the slime sorts that are too fine for the jigs. 

Table a!)9 names the products fed to the finest jigs in thirty-five of the mills. 
Since many of these are the later spigot products or overflows of classifiers, the 
author is unable to state the exact maximum size of grain. They are quite tine; 
a number of them are not over ().Si5-mm. maximum grain, ami arc mostly mixed 
products, ranging from a maximum grain down to very tine particles, and in 
some instances even down to the finest silt. 

The author, in his computation for a hydraulic classifier, has taken the ground 
that the overflow should contain all the quartz of 0.;'.’) mm. diaimfer ami less. 
This places the feed to the finest jigs as containing quartz of 0.t!r) mm. diameter, 
and other minerals of those diameters which are equal settling, under free settling 
conditions, with 0.25-mm. quartz. 

The authorities give the minimum products fed to jigs as follows: Kunhardt, 
seldom below 1 mm.; Davies, 0.79 mm. (,1^ inch); Liukenbach, 0.25 mm.; 
Le Neve Foster, 0.5 mm. (^j-inch). At C'lausthal two clas.ses of paded slime 
between the sizes of 1 mm. and 0.5 mm. were formerly treated on jigs. Experi¬ 
ment upon central discharge slime tables 5.5 m. in diameter, however, showed 
that the latter had greater capacity, better separation and less co.st, and they 
were, consequently, adopted. On tlie ether hand, Ucllom claims that on sands 
between 0^5 and 0.25 mm., jigs have greater capacity than tables, cost less, use 
less power and are easier managed, but preliminary sizing of feed must be more 
perfect, and they cause more attrition and, hence, more loss.. This last view 
seems to be borne out by the practice in this country. 

§ 462. Ranges of Sizes Fed to a Single Jig. —These have already been given 
and somewhat discussed in § 285 for all jigs treating trommel products. A few 
points which relate more closely to the work of jigs should be noted. 

The smallest range of sizes shown in Table 283, was in Mills 27 and 28, and 
the largest in Mills 9 and 10. In Mill 27 a decision has recently been reached 
that there are too many trommels and instead of making eight sizes between 
38.1 mm. and 2 mm., it is proposed to make only three or five. In the words 
of the superintendent: “Close sizing is entirely a question of ore and gangue. 
With the heavy ore of Mill 27 it is not necessary, and it is consequently a detri¬ 
ment, since it causes an increased loss in slimes.” 

Close sizing always has the advantage where it is desired to do very perfect 
work, for when it is used the whole bed is very open and free for the passage of 
water and in consequence a very perfect layering takes place, and when the 
concentrates are of rather low specific gravity, or there is a considerable amount 
of included grains or middlings of low specific gravity, such products may be 
saved to better advantage, 

Sieve scales of many of the mills have larger gaps in them at the coarse end 
than .would perhaps be allowed for the best separation, because the whole, tail¬ 
ings of the coarser jigs go to re-crushing machines to unlock the included grains; 
and then, to recopcentrators. The few grains, then, which may find their way 
into the first .tailings, because the sieve scale is not sufficiently close to save them, 
all have a chance to be ^ave^ later. The loss from re-crushing these fesy grmns 
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§ 462 

is insignificant, while the saving of multiplication of trommels and jigs to gain 
a perfect sieve scale may be very large. 

As has been already shown in g 291!, there are some imperfections in the work 
of trommels, so that the range of sizes in the jig feed is somewhat greater than 
would be indicated by the sizes of holes in the limiting trommels. In the case 
of classifiers, however, their work is much more imperfect (see § 352), there 
being practically no classifiers which do not allow very small particles to dis¬ 
charge with the larger sizes and as a consequence the range of sizes in the feed 
to jigs treating classifier products is quite large. 

To illustrate the effect of fines when jigging natural products or classified 
products, the following sizing tests and a,ssays are given: 

In Mill 40, trc'ating Gagnon ore, all the spigots of the No. 1 or Carkeek 
classifier are jigged together. Goodale*’ found that the tailings of the jigs doing 
this work assayed 2.7 ounce-s of silver per ton and 1.65% copper/and yielded to 
sizing the results given in Table 300. Efforts were made to improve this by put¬ 
ting two classifier.s side by side, giving each half the work to do, also by substi¬ 
tuting an Evans classifier, but with no better results. 


TABLE 300.— SIZING TEST OF JIG TAILINGS AT MILL 40. 


Sizes. 

Percent of Mft' 
terial. 

Assay in Silver. 

Assay in Copper. 

On 10 mesh. 

s.n 

Ounces ix*r Tun 

8 

% 

1.6 

Xiiri)U)(h 10 on 20 mesh. 

TlirouKli 20 on 40 mesli.* 

12 65 

2.5 

1.2 

45 m 

2.2 

1.37 

Thioufch 40 on CO mesh. 

IS.19 

2.4 

J l.W 

Tbrouuh 60 on 80 «u‘Rh. 

10.00 

2 4 

1.72 

Tlirough 80 100 jn«‘sh. 

4.05 

8.0 

1.H5 

Through 100 nieKlt. 

4.70 

7.0 

4.00 


In Mill 39, treating ore from the Gray Rock mine, each spigot product was 
treated on a separate jig. Goodale^® found that the jig tailings assa}nd 2.85 
ounces silver per ton, and 1.41 % copper, and yielded to sizing and assaying the 
results given in Table'301. Sizing tests from other mills given by Goodale, 
show practically the same results. 

In Mill 25 ore containing limestone and galena, after passing through a 
6-mm. round hole, is jigged without any sizing on No. 1 jigs. The sizing tests 

TABLE 301.— SIZING TESTS OF JIG TAILINGS AT MILL 39. 


Sizes. 

Percent of Ma¬ 
terial. 

Assay in Silver. 

z\s8ay in Copper. 

On 10 moRh. 

2.26 

Ounces per Ton. 
2.60 

% 

0.86 

Through 10 on 20 mesh. 

17.56 

2.60 

1.21 

ThrMigh 20 on 40 mesh. 

46 06 

2.86 

1.18 

Through 40 on Ofl m-sh. 

16 80 

2.28 

1.18 

Through 00 on HO mesh. 

8.87 

2 .no 

1.16 

Through 80 on 100 mesh. 

4.16 

2.00 

1.85 

Through 100 mesh. 

6.22 

S.44 

2.68 


and analyses of the feed and products are given in Table 302. The coarse con¬ 
centrates of this jig are quite rich in lead, but f.ie author has no figures on the 
quantity or quality of them. Other results from the same jig as obtained by 
Munine and given in Table 303, show off thes assays better. 

Munroe also gives Table 304, for the No. 2 jig of Mill 25. 
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TABLE 302.—SIZING TESTS OF FEED AND PRODUCTS OF JIG NO. 1 IN MILL'25. 


Sizes. 

Percent of 
Material. 

Assay in Iiead. 
Percent. 

Feed to the J]>?. 


2.0 


“ 4 “ “1 “ . 



“ 1 “ “4 “ . 



" H, “ "0 “ .. 






Hutch product as caught hy a box claBSifler. 

On H mm. 

n 

7» 4 

Through 96 mm on W mm. 

5 

RU.2 

“ y* " '• /. “. 

12 

22 0 


39 

14 1 

“ k “ "0 “. 

33 

17.8 

TailiiigH of the jig. 


Through mm. onl mm. 

00.2 

1.03 

" 1 “ " H “ . 

251.6 

0.01 

“ H '• “0 “ . 

10.2 

2 25 


TABLE 303.—MUNHOE’S SIZING TESTS ON THE NO. 1 JIG OF MILL 25. 


Size. 

Percentage of 
Feed lu Each 
Size. 

Lead ill Feed. 

Lead in Hutch 
Product. 

Lead in Coarse 
Concentrates. 

Lead In 
Tailings. 

Mm. 


Perct'Dt. 

Percent. 

Percent. 


5 tol 

41.1 

6.82 

U 

16 20 

1.06 

1 tt >>4 

29.6 

9.10 

74.0 

7. iff 

0 96 


9.3 

18.81 

19 2 

0 

0.71 

«to A 

1.6 

12.93 

14 H 

0 

1 09 


2.2 

7.M4 

8.8 

0 

1 74 

A too 

yi .8 

12 22 

1(1.4 

0 

0.07 

Average... 


S.DS 

22.3 

16.54 

1.63 


TABLE 304.—MUNKOE’B SIZING TESTS ON THE NO. 2 JIG OP MILL 25. 


Size, 

Percentage of 
Feed in 
Each Size. 

Iioatl In Feed. 

l.<ea(l in iluloh Work. 

Lead in 
Tailings. 

Isl Sieve 

2d Sieve. 

3d Sieve. 

Mm. 
Over 4 

» to A 

A toO 

8.0 

43.6 

13.8 

84.2 

Percent. 

40.99 

lfi.76 

16.4G 

82.58 

Percent. 

■ 79.69 

P»jrcent. 

70.34 

Percent. 

r 

41.80 1 

i‘eroent. 

3.94 

1.02 

0.62 

11.97 



24.76 

Average of three sieves, 74.00. 

6.24 




§ 463. Al] the figures in these tables show that when jigs arc treating either 
classified products or natural products, there is a tendency of fine mineral to go 
into the tailings, and by increasing the suction in order to prevent this as far as 

P ossible, some of the fine gangue is also siioked down into the hutch product. 

'he reason why this is allowed is one of expediency. The jig making hutch 
work is a very efficient machine; that is to say, it does a large amount of work 
and saves a large proportion of the fines for the amount of mill floor it covers. 
Its "use, therefore, saves cost of mill construction and mill men have not had at 
hand any better means of handling this material. If some means can be de¬ 
vised for sizing accurately at 1 mm. or better 0.75 min., sending all above this 
size to jigs and all below it to tables of the 'Willley type, then this difficulty will 
he overcome. 

The last hutch product of a jig which has to handle fine material with the 
coarse, nnlst always carry considerable gangue if the tailings are to be brought 
down to the lowest liaiit, and this* product will need further treatment to bring 
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§ 464 


An example of how snccessfully a jig may work, even, though it has a very 
wide range of sizes to treat, including the finest slimes, is found in Southwest 
Missouri zinc practice, of which Mills-9 and 10 are examples. Jlore the first 
or roughing jig is fed with stulT ranging from 9 or 13 mm. to 0, and its hutch 
products are cleaned on a second or finishing jig. Average work of the district 
is to take ore carrying about 8% zinc and make tailings carrying only about 
zinc, at a total cost of about 29 cents per ton. This is possible because 
the blende is in large coarse crystals and is in largo measure unlocked from the 
gangue by coarse crushing. The coarse crushing does not make much slimes. 
The jigs are run with coarse siev(!s, so that (hey Ivave open, free-working 
bottom beds and suction has full play to save the fine ore. 

A foreign example of the application of similar treatment is found in Corn¬ 
wall where, according to Kunhardt, the practice exists of making only two sizes 
between 33 and 3 mm., in dressing copper pyrites with a rock gangue, where 
concentrates of a very poor grade answer the commercial requirements; also at 
the dressing works at Lauremhurg in Nassau, in the treatment of an ore of 
argentiferous galena and blende, with a siliceous gangue. The results from the 
jigging of thi.s material are reported to have been very satisfactory. 

Another instance is at Laut.enthal, where only two size.s, 32 to 13.3 mm. and 
13.3 to 2 mm., are made in separating blende from quartz, using jigs with two 
compartments. The details are as follows: 


Bise of f(^ed.....38. to 13.8 mm. 

Bile of Bleve hoJe. C.fi mtu. 

Heijtht of feed o.pr<ni. 4a mm. 

Height above the sieve of inverted dam uf the discharge. 85 mm. 

Length ol^plungur etroke.40 mm. 

Nuoiber of Htrnkes i>er niiriuU>.140 

Capacity per hour. Ijl cubic meters. 

Quality or bottom bod.Hard. 

Quality of talUngs.Coutain some clean blende. 


18.3 to 2 mm. 

8 mm. 

23 mm. 

15 mm. 

SO mm. 

180 

19 cubic meters. 

Soft. 

Coutain very little cleaxi 
blende. 


• 

§464. Minimum DiFrERENCR in Specific Gravity of Minerals to be 
Separated. —As has already been stated, the greater the difference in specific 
gravity the ciisier is the HcpaVation, and conversely, the nearer the gravities are to 
each other, of two minerals tliat are to he separated, tlic more difficult is the sepa¬ 
ration. Por example, minerals that are as near to etich other as blende (specific 
gravity 4), and pyrite (specific gravity* .5), arc difficult to separate by jigging, 
and indeed their separation at all may depend on their mineral aggregation and 
fracture. If they arc perfectly unlocked from each other and are in roundish 
grains, then they can be separated. If, however, the pyrite is more in flattish 
grain.?, and the blende in roundish, then they cannot he ,sc])arated, since roundish 
grains settle faster than flattish grains. If the pyrite is in roundish grains 
and the blende is in flattish, then they are easily separated. 

On account of the difficulty of separating these* two minerals, various processes, 
such ns roasting followed by jigging, roasting followed by magnetic treatment, 
and others are used, not only for separating blende from pyrite, but also from 
aderite and barite. Some of these processes are described in Chapter XVIII. 


Bieuography of Jios. 

This will be found at the end of Chapter XV. 











CHAPTER XV. 

LAWS OF JIGGING. 


§ 4G5. Tlie action of the currents in the beds of the various types of jigs will 
now be considered; 

In the Harz or plain eccentric jig, pulsion is given intermittently, alternating 
with .suction, and tlie times devoted to them an’ about equal. 

In the accelerated jig, pulsion is given intermittently, but its time interval 
is consideral)ly sliorter tlian tliat of tlie alternating suction. 

In the pulsion jig, pulsion i.s given intermittently, but tlie intervening times 
are devoted to repose, in which settling can take place undisturbed by suction. 

In the siphon separator {Heherwaseke) the pulsion is continuous, with no 
breaks for either suction or repose. 

In all these type's of jigs, the pulsion current act.s under hindered settling 
conditioms, and will now be considered. The laws affecting the suction current 
will be taken up later. 

§4fl(i. HiNDEHUi), Setti.ing, GENERAL PRINCIPLES. —This is where particles 
of mi.xed sizes, shapes and gravities, in a mass, free to move among themselves, 
are sorted in a rising current of water, the rising current having much less 
velocity than the free settling velocity of the particles, but yet enough so that 
the particles are in motion. The arrangement of the particles is so positive 
that if one of them he moved up or down from its chosen cnnipanions, it will be 
found, when set free, to return immediately to practically the same group as 
before. 

Hindered settling is affected by the .'amo qualities of both minerals and 
liquids as free settling (see § 354). It adds, however, the effect of crowding 
grains together so thickly that tlie spaces between them are nearly as small as 
they would be in a closely sized product piled in a heap. Every particle in the 
mass is poised in the upward-moving water, settling issues with those above it, 
around it and below it. If a grain above it has greater settling power it quickly 
gets below, if one below it has less, it quickly rises. 

The effect of this upon mixed sizes of any one mineral, quartz, for example, 
will be to arrange th,ra according to size; the largest grains will find their way 
to the bottom; the smallest will rise to the top. This order will only be inter¬ 
fered with by flat or elongated grains which will be a little higher in position' 
than their size would seem to imply. 

The effect upon mixed sizes of two minerals of two specific gravities, for 
example, quartz and galena, will be to place grain.s in groups which may be said 
to be equal settling under hindered settling conditions, but the ratio between 
•(he diameters of the quartz and galena in any one of these groups, is much ^ 
greater than that obtained under free settling conditions. This ratio is of 
great importance, but there seems no wa-y to get values for it except by direct 
test. 

§ 46 ^. TnutELAR CxAssirrEK, Tests on Hindered Settling.—T ests 'were,-, 
made by tlie atithof to obtain values for these ratios and to investigate the ivholi- 
a^lig oot of hindered settling. For .this purpose, a tubular classifier was deai£cie»^) 
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of the form shown in Fig. 345, which consists of a tin cone, a, with an overflow, 
j, 1111116(1 to a tube of glass, b, by a rubber connector, c, and 
having a water-supply, d, regulated by the cock, jr, and a 
bulb, e, joined by a rubber connector, h. If this apparatus 
be filled with water, and a sample of mixed sands, which 
pass through a 10-ine.sh sieve (an ordinary 8-ounce bottle¬ 
ful represents the quantity used), be charged gradually at 
the top, and a slight upward current of water be admitted 
through the tube, d, the sands will rapidly assume a condi¬ 
tion of appro-vimate equilibrium. Here we have sand.s, 
say, of two speeifie gravitie.s, and of sizes ranging from 10 
mesh to finest slimes, which are held in gently-moving sus¬ 
pension by the slow upward current, and in a'crowded con¬ 
dition, .so much so that the volunu! of sand in the tube at 
any given time is nearly, if not quite, equal to the volume 
of the^ water. This device is well adapted to secure the 
conditions of faindci'ed settling and to deliver the samples 
for study. 

By means of this classifier, the behavior of the minei-als 
named in Table a5T, each jjaired with quartz, was tested. 

Each of those pairs was treated in the classifier (Fig. 315), 
by allowing from one-half hour to two hours for the grains 
to come to equilibrium; and since the larger part of the 
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no. 347.— SEPARATION OF QUARTZ AND OAI.ENA RY TUIiUI.AU OI.AHSlKIKll AND 

SIEVES. 

sorting is done in the first minute, we may eonsider that the work is completed in 
half an hour. While the sands are still kept in gently-moving suspension, the 
current is slightly slackened by means of the cock, <}, and the heavier g^ain^ are al¬ 
lowed to find their way down into the bulb, e. When the bulb is full, the rubber 
connector, h, is pinched with the thumb ami finger, and the bulb is replaced with 
a new one. which has been completely filled with water, care, having been taken 
to remove the bubble of air from the neck. In like manner the second bulb is 
filled and removed, and a third, a fourth, and so on until all the sand, to the 
finest slimes, has been drawn off. 'I’he finest silt will overflow above at f. along 
with a few particles carried over by greasy flotation. This should be caught, 
and may be called the last bulb or drawing. 

Each-of these drawings, which were ten in number, was carefully dried, sized 
in the nest of sieves (sec Table 258), and note made of the character of each_ 
size obtained. ' For example, the sizes in the galena series (see Fig. 347) , in 
the fifth bulb, were found to be perfectly pure quartz down to the 30-mesh 
sieve, -The (O-mesli contained a little galena; the 60-raesh was nearly all galena, 
with a little quartz; and all thq sizes below 60-mesh were pure galena. ‘ • 

twelve pairs of minerals were all treated in this way, and as a tn^afls qf 
Wwwving the r^ults, photogra^jhs were taken of the actual grains afranged 
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i'lG. 348.—SEPAltATlON OF QUAUTZ AND WOLFRAMITE BY TUBULAR CLASSIFIER AND 

SIEVES. 


in the form nf a graphienl plot. In these pliotographs (see Figs. 346 to 357), 
the vertical eoluniiis Nos. 1, 2, 3, 4, etc., rcjjresent the successive bulbs. The 
horizontal line,s indicate group.s of particles resting on like sieves. 

§468. Besdlts of the Tubular CIlassifier Test.s.— Examining the plots 
of the variou.s iniix'rals and gravities, we see a general set of features possessed 
in common, but changing a little with eacii successive photograph. First, we 
have, in copper (Fig. 346). a range of clean, pure quartz hills and also a range 
of clean copper hills and, between the two, a valley almost destitute of grains, 
which is videst a little above the middle. In arsenopyrite (Fig. 351), the val¬ 
ley is gone on the 100-mesh line and we have a plateau instead. In chalcocite 
(Fig. 352), the plateau has reached up to the 50-mosh line. In pyrrhotite 
(Fig. 354), it ha.s rt?ached The 40-mesh line. In cpidote (Fig. 356) the plateau 
has disappeared below S4-meBh, and a single wide range of hills has taken its 
place. The above change of features is due to the difference in specific gravity 
of the heavy mineral. As the specific gravity Lssens, the two ranges‘of hills 
come nearer together. 

Estimates were made of the percentage of .the heavy mineral in every hill 
and tables of them are given in Am. Inst. Min. Eng., Vol. XXIV., pp. 433 to 
446. Those of galena are given here in Table 305 for illustration. 
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FIG. 349.— SEPARATION OF QUARTZ AND ANTIMONY BY TUBULAR CLASSIFIER AND 

SIEVES. 


TABLE 305.— ESTIMATED PERCENTAGE OP GALENA IN THE HILLS OP FIG. 347. 
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The weights of the hills of throe bulbs were taken for all the figures except 
that of magnetite, and from them the estimated weight of each mineral in each 
hill was calculate^ by using the percentages previously e.stimated. Those for 
galena are here given in Table 30G, for illustration. Those for all the others 
‘'at^ jiven in iln*. Inst. Min. Eng,, Vol. XXIV., pp. 449 to 462. 




































FIO. 350.—SEPARATION OF QtlAKTZ AND CASSITEIUTE BY TUBULAE CLASSIFIER AND 

SIEVES. 


TABLE 300.—ESTTMATKl) WEIGHTS OF QITAUTZ AND GALENA IN THE HILLS OF 

FIG. 347. 


Sieve. 

Mesb. 

Hull) No .5. 

Bull) Ni), 6. 

Itulb No, 7. 

(lalena. 
drama. 

Quartz 

drams. 

(lalena. 

Grams. 

Quartz. 

Grams. 

Galena. 

Grams. 

Quartz. 

Grams. 

12. 


8.2H1 

11.713 

fi.535 

0.412 

0.4273 

O.llJOfi 

0.0120 


0.08H0 

1.447 

l.MR 

10 5H2 
4.438 
0.71«) 
3.288 
0.0570 












O.fKHS 

0 3.5.35 
0.5307 

3.4ft5 
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6.807 

1 083 
0.1787 
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lo.m 
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0.2278 
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o.fvias 

0.1170 

4.91H 

21.141 

4..523 
2.378 
1.002 
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0.19.50 
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8.T38 

3.382 

26 040 
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28.4270 

32.6018 

86.0275 


36.8100 

26.1402 
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FIG. 351.—SBl’ACAIION OF QUARTZ ANU ARSENOl'YRITE BY TUBULAR CLASSIFIER AND 

SIEVES. 


Having obtained all this data, it was possible to compute the hindere se - 
tling ratios of different minerals, that is, the ratio of the diameters of v oM 
particles which are equal settling under hindered .settling conditions, ine 
mode of computation, to obtain the ratio of diameters of the particles of quartz 
and galena in equilibrium, for any given column or bulb, may be shown by 
taking as an example Fig. 347, and bulb No. 5 of Table 306. Here the average 
diameter of the quartz particles was obtained by multiplying all the quartz- 
weights for bulb No. 6 by their diameters, (obtained by taking a mean of the 
sieve hole through which'they pass and that on which they rest), and dividing 
the sum of the products by the sum of the weights. The galena figures foi 
bulb No. 5. treated similarly, give an avefrage diaiiieter for the galena partides 
This diameter of quartz is then divided by the diameter of the galena. Twe 
other-b'ulbs^ wore treated in the same way. In like manner compiitations wen 
made upon all qf the eleven minerals, using three bulbs for each, and the« 
todercd' settling ratios are given for all of the minerals excent magnetite u 
:' Wle 307. \ 
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no. 352. —bEl'AEATlON OF QUAHXZ AND CHALCOCITE BY TDBDLAE CLASSIFIEE AND 

SIEVES. 


TABLE 307. —HINDERED SETTLING RATIOS OR MULTIPLIERS FOR OBTAINING THE 
DIAMETER OF THE PARTICLE OF QUARTZ VPHICH IN THE TUBULAR CLASSIFIEE 
WILL I'l! IN EQUILIBRIUM WITH THE MINERAL SPECIFIED. 


Quarts and 

Ratio of the Diameter of Quartz to that of the Hinera!. 

Ct>Inmn 4. 

Column 6. 

Column 6. 

Column 7. 

Column 8. 

Average. 



8.379 

7.781 

0.020 


8.068 



n.8Z) 

s.o.'se 

5..544 


0.849 



4.034 

0.881 

6.101 


6.100 



4.810 

4.092 

4.M2 


4.807 



4.044 

4.718 

4.486 


4.668 



9.84*: 

8.747 

8.617 


8.787 



9.404 

9.246 

2.680 


8.no 


£.640 


2.088 



2.808 



2.808 

2.030 

2.042 


2.127 



1.709 

1.610 

2.7W 


2.067 

Antiimolte. 



• 0.181 

0.180 

0.175 

0.179, 

1 .11 t 1 
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FIG. 353.— SFPAHATION OF QUAUTZ AND MAGNETITE BY TUBULAR CLASSllTEK AND 

SIEVES. 

These hindered settling ratios gi.ve ns the law hy which particles of different 
minerals are separated under hindered settling conditions. They show that 
under such conditions as existed in the tubular classifier on grains between 10 
and 100 mesh, a particle of galena will go below every particle of quartz whose 
diameter is less than 5.848 times the diameter of the galena particle: a particle 
of arsenopyrite will go below every particle of quartz whose diameter is less ■ 
than 3.737 timc.s the diameter of the arsenopyrite particle, and so on for the 
other minerals. By comparing these hindered .settling ratios with the free 
settling ratios in Tabic 261, we see how much larger the former arc and, there¬ 
fore, how much ea.sier a separation may be effected in the former case. We also 
see how it is that partifcles which are equal settling under free settling condi¬ 
tions .can be separated under hindered settling conditions. 

§’469. The. idea of classification by hindered settling of minerals taken by 
pairs, may bq also conveyed by Fig. 358, which represents the relative sizes and 
position's in the vertical columns of particles of minerals of two specific gravi¬ 
ties, both tanging from the same maximum diameters to dust, just as they- 
pla^d themselves, in the tubular classifier. In each case the diameters inoreasa^ 
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FIG. 354. —SliPAIl.YTlON OF QUAETZ AA'I) PYEUllOTITF GY TUBULAE CLASSIFIER AND 

SIEVES. 


downward, but the larfrest grain of quartz cannot get below the horizon of the 
grain of galena which i.s equal settling with it under hindered settling condi¬ 
tions. The same i.s true of quartz and arsenopyrite. and of quartz and blende, 
but it will be noticed that the quartz is a.ssodated with a larger grain of arseno¬ 
pyrite than of gahma, and of blende than arsenopyrite. 

The effect of lundercd settling may be .seen in still another way in the twelve 
Figs. 346 to 357. If any of these ’be rotated !)0° left handed before the eye 
of the reader, it will then reprewmt by its horizontal layers the effeet of an 
upward current corresponding to the pul'sion of a jig after i't has come to equilib¬ 
rium, it being understood that the grains of the two minerabs of each layer are 
mi.xed together, and if we eoinpare the figures for galena (Pig. 347), arsen'opyrite 
(Fig. 351), and blende (Pig. 356), we see that the quartz is pushed farther 
.away to the left in the galena figure, less far in the arsenopyrite and still less 
in the blende figure. This is because the qur tz is in equilibrium with the 
grain of galena which is ^ of its diameter, with the grain of arsenopyrite which 
is ^ of its diameter, and with the blende, .which is of its diameter re¬ 
spectively. 
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FIG. 355.— SUFAUATION OF QGAUTZ AND .SPyALUlUTR BY THnUDAB CDASSIFIEB AND 
• SIKVF.S. 


The ro.stilfs dbiained in the tiihuliir elii.cKifier iend in give the iTtipres.‘iion that 
there i? a .sharply dehiied limit between free settling and hindm'd settling. This 
is probably not true, but rather, there is a gradual transition from one to the 
other, that is, betweem the conditions which e.\ist('d in ilc- sorting tube experi-, 
rneuts (§ 355), and the tubular classifier exj)eriinerds 157), there is probably 
a region where ihe diain der ratios may he between those given by the author for 
free settling, and those for hindered settling. This region has not yet been 
explored. If such is the ease, it niay <'xist in the sorting columns of some clasei- 
fiens where the pulp i.s dtmser tlian usual. 

Lest the proportions of the two minerals (equal volumes) used in the tubular 
classifier tests (Figs. 3t6' to 357), might have influenced Ihe results, a trial test 
for coiTijiarison with Fig. 347 was made, using a quantity of galena equal to 
ahoflt Vit ‘■I'f volume of quartz, instead of equal volumes of the two minerals. 
The fourth, fifth and sixth bulbs were sized, and gave hills apparently at the 
.“ame points as showni in Fig. 347. To d('lmonstrate the point still furttkr,, 
weights and' computfitions were made upon the fourth bulb, and yielded 
oj diameter of the galena particle to that of the quartz— 1 : 5.966. This' 
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FIO. :J5(;.— HKl'AliATlON OF CJUAliTZ AND lil’IDOTK BY TlIBUtAK CLAHSIFIEK AND 

SUfiVES. 



ratio is praolically the same as tlioac given in Table :i0~ for galena and quartz, 
and therefore demnnsirales that the relative quantities of the two minerals have 
nothing to do with the law of liindored settling. Tlv ratio of dianioters is fixed. 

One or two interesting facts may bo noted hero, although they are one side 
from the main thread of thi.s discussion. In the first galena trial, a figure of 
which is not given here, it wa.s found that fine g.ileiia appeared in the first bulb 
below 30-mcsh. Tiiia may be attributed to particles abraded during the subse¬ 
quent sifting operation. To test the question, tho galena-quartz lot was mixed 
up thoroughly and run over again (see Pig. 347), and this time the fine galena, 
below the main range of galena hills, was much reduced, proving tho conjecture 
to be substantially correct. 

Again, the fall-velocities of these different heaps under free settling condi¬ 
tions, were taken in a tube (Fig. Srit)), designed by C. Le Neve Po.“ter, in which, 
by inverting the tube, the measure may be (aki i over and over. The results 
are given in Table 308. They show that, for example, on tho 30-mesh line, 
grains of galena in No. 1 are faster than No. 3, and No. 3 than No. 3, also for 
the quartz Nos. 5, 6 and 7 fall in that order, 5*being the fastest, and 7 the slow-, 
gst; 5 contains the SO-mesh grains that are nearest to a cube; 7 are the flat 
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FIO, 357. —SEI'AKATION OF (^UAUTZ AND ANTIIHACITF BY TUBULAK CLABBIFIEB AND 

SIEVES. 


TABLE 308.— flALENA AND QTTABTZ lULLS OP PIG. 347 TIiSTED WITH THE FREE- 
FALLING TUBE (FIG. 3.53), FOR FALL^VELOCITIKS—SEBIES OF 
BULBS DRAWN PROM TUBULAR CLASSIFIER. 


SeriftR of Bulbs Brawn from Tubular <CIa8sifler. 


Sieve Mesii. 

>■ 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

Velocity in Millimeters per Second (Mean of 4 Determinations). 


■mmi 

361.2 


KW.I 

1.57.8 

158.0 






S80.6 



1.57.3 

144.4 

109.0 





814.7 


188.3 

146.7 

138.7 

108.4 



“ jg. 

201.1 

300.0 

248.8 

185..5 

127..5 

121.0 

112.1 





27H.6 

300.7 


115.4 

108.4 

108.2 




207.0 

260.1 

240.9 


106.0 

■bJIH 

99.0 

86.7 








97.1 

86.7 




ilie.a 



145.6 



78.6 

-67.7 

. 


102.5 

146 7 


100.0 


60.4 

64.6 

ii6.e 

“ 60...... 



123.4 

m.4 

08.8 

87.4 

47.8 

43.5 

n.8 






88.7 

76.5 


88.7 

m.t 






76.8 

68.8 

58.9 

80.6 

tlA 






66.1 

61.0 



JI.S 

«140.. 




imiimii 


46.9 

44,2 


n.i 
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oyster-shell-like grains, that fall much slower. In this test a group of 20 or 
30. grains was timed. When the average grain passed the upper and lower 
niarks the time was taken. The results are, therefore, averages. In the light 
of these facts the remarkablo rcsetiiblance wliich was observed between these two 


Qutilc 

GMeu 

AnenopTriM 

SlNkfl* 

1 

1 

£ 

1 

1 

5 

p 


1 

o 

s 

I 

1 

8 

o 

O 

Q 

O 

O 

O 

o 

o 

O 

o 

o 

o 

o 

o 

0 

o 

o 

O 

O 

O 

O 

O 


o 

O 

O 

O 

O 

O 

o 

o 

o 

O 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 


o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 


o 

o 

o 

o 

o 

O 


PIG. 358.— GRAPHICAL REP¬ 
RESENTATION OF HIN¬ 
DERED SETTLING. 


tests of galena and quartz, the second one of 
which is shown in Fig. 347, becomes more in- 
teresling; for it is probable that, with certain 
latitude, the particles of the first test found 
their way back to the same identical Innp in the 
second test. This principle of almost absolute 
predestination of jiarticles for tlieir own ap¬ 
pointed places in ore-dressing is vtTv import¬ 
ant. 


It will be noticed that the light .color of the 
slimes of the hth bulb, in Figs. 34(i to 357, is 
almost always marked when compared with ils 
neighbors on tlie right and left of it. Tliia be¬ 
ing a truly sorted product, the finer dark 
mineral hides it.-elf beneath the coar.spr light 
mineral. This shows in all Ihe sets except copper 
which had no slimes in the 10th Inilh, magne- 



FIG. 359.— 

REV ERSI- 
TSLE FREK- 
F A L L 
TUBE. 



tite which had .almost non-', and epidotel the fine powder of which is extremely 
light colored and of which the ienth slimes are, therefore, as light as the ninth. 

§470. Pulsion Jig Tests of Hindered Settling. —Having obtained the 
hindered settling ratios for a continuous current, it was next necessary to ascer¬ 
tain if an intermittent, pulsating current would jiroduee any variation there¬ 
from. To test this question, a pulsion-Jig was designed, whicli is shown in 
Fig. 360. It confists of a tin funnel, a, with overflow, h, eonneeted with rub¬ 
ber connector, c. to a glass tube, d. cut apart at /■ for the insertion of a disc of 
sieve-cloth. The t.wo parts are held together by tw'o elamps, e and f, and two 
bolts, g, g. and the joint, at h, is made tight by a belt of rubber plaster. The 
tube has a branch, k, joined by a rubber connector, o. to a eommon plng-cock, p ,. 
-provided with a gear-wheel, q, which intermeshes with a larger gear, r, having 
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a crank, s, turned by hand. Water is supplied through the rubber hose, t, and 
ilic hydrant, u. The lower end of the tube is drawn down to (1.35 mm. in diam¬ 
eter at 1. and by rubber connector, m, is joined to a bulb, u, for receiving what 
pa.s.scs throiigli the sieve. 

Tlie method of operating this puLsion-jig is simply to turn on the water gently 
at u, and revolve the crank, s, at the speed dwired. The revolution of the plug- 
cock, p, makes and breaks the water connection, and the rubber tube, t, i,s elastic 
enough to act a.'; an accumulator for the instant that the water is shut off. The 
sand fed in at (he funnel, a, quickly falls to the sieve, li, and then receives a 
series of intermittent upward pulsations from the movement of the water. The' 
sand is therefore subjected to an upward current of water at one instant, which 
remains stagnant the next instant. Tlieso pulsations may be given at any rate 
up to 800 per minute. 



I'lG. 361. —SEPARATION OP QUARTZ (SP. OR. 2.64) AND QAT.ENA (SP. OB. 7.586) 
BV PUI.SION JIQ AND SIEVES. 


Two tests were made with the pulsion-jig, one upon galena and one upon 
sphalerite, ,'tuh paired with quartz. For convenience, when in use, the 
was removed, it hgjVing been demonstrated to the ejm that the action wae pre¬ 
cisely tjie same whether the sieve “was there or not. This permitted thp:p^dnetsl 
ijte'io town oft % the bulb in series, exactly as they were in the tahular’clasipr 
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fier test, and the products so drawn off were siz^d, and the different little hills 
were laid out and photographed as before (see Figs. 361 and 362). 

The ratio for thn^e eoliunns of hills computed by the method adopted for the 
tubular classifier, yielded for the fwo pairs of minerals treated, ratios of diame¬ 
ters given in 'I’aljle 301), which are practically identical with those of Table 
307, obtained in the fulralar classiiier. It is evident, therefore, that nothing 
whatever has been gained by sulistituting intermittent pulsion for continuous 
current, and would seem to indicate that liittinger was wrong in his theory 
that the advantage of a jig over free settling was due to the intci-mittent pul¬ 
sion of the former, wdiieh caused the grains to have periods of acceleration 
during which the smaller particle of the heavy mineral came to its full velocity 
sooner than the larger particle of the light mineral. 



FIG. 362. —SEPAiiATlON OF (JUAHTZ (sP. OH. 2.64) AND SPHALERITE (SP. GB. 
4.040) BY PULSION JIG AND SIEVES. 


It is interesting to notice how clo.sely Fig. 361 for quartz and galena, and 
Fig. 362 for quartz and sphalerite, as obtained by the pnlsion-jig, resemble 
Figs. 347 and 335, for the same minerals as obtained by the tubular classifier. 
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TABLE 309.— hatios oh multipliers eoe obtaining the diameter of the 

PARTICLE OF QUARTZ, WHICH IN THE PULSION-JIQ, WILL BE IN 
EQUILIBRIUM WITH THE MINERAL SPECIFIED. 


Quartz witii 

Ratio of Average Quartz Diameter to Average 
Mineral Diameter. 

Column 6. 

Column 0. 

Column 7. 

Average. 


T.ltJI 

G-ins 

ilMS 

5.074 

1.1172 

0.118 

2.078 




§ 471. Munroe's Tests.'”— Thn difl'ereiict' which hiis hopii foiiiifl l)rtween the 
free settling ratio and the hindered settling ratio of any two minerals has been 
o.xplainod by I’rof. 11. S. Munroe in 1889, as dire to the effect of interstitial 
currents. 

He tested the effect of confined space upon falling particles. He timed 
different sizes of lead shot, or spheres, falling in a narrow glass tube filled with 
water (Fig. 363). If d equals the diameter of the shot, and 1) that of the 
tube, he found that the larger the fraction the greater was the retardation 
or loss of velocity by the shot. When this fraction equals unity, the shot stops, 
and on the other hand, when the fracTioti equals j'o or less, them the hindering 
effect has practically disappc'ared and free settling conditions e.xist. He applies 
this principle to the question of equal-settling partirle.s, as follows: If par¬ 
ticles of quartz, for e.\'ample. Fig. 364, are represented by the larger circles, 


O 
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81‘JIERKS. 
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FIG. 36%.—IN¬ 
TERS T I T I A L 
FALL. 



FIG. 360. —IMAGINARY 
TUBES OF INTERSTI¬ 
TIAL FALL. 


and those of equal-settling galena by the smaller circles, then when these mixed 
particles are settling «n, masse, or, arc held in .suspension by a rising current 
of water, each particle may bo considered to be falling in a tube, the walls of 
which consist of the surrounding particles. Sub.stituting a circle in each case 
for the imaginary tube, we have Fig. 365, representing the conditions for 
galena and quartz, the outer circle representing, in each case, the imaginary 
tube. A glance is sufficient to show us that the fraction ^ is much smaller 
for the galena particle than it is for quartz. The galena particle will, there¬ 
fore, be jess impeded in its fall than the quartz, and, in consequence, the par¬ 
ticles of galena that are found adjacent to the particles of quartz will be smaller 
than,the ratio which the law of free settling particles would indicate. Pro¬ 
fessor Munroe infers that these interstitial currents account for the fact, made 
use of in the, mills, that a jig will save galena which is much finer than would 
be the case if the law of free settling particles was the only law of jigging; 
And he finally confludes, by equating his formulas, that the ratio of diameters; 
fo||tlj^e quartz and galena, after, the interstitial currents have bre™*'* 
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grains to equilibrium, will be as 30:1, which, however, is much larger than 
the ratio of 5.8:1, obtained by the author from actual tests. In Professor 
Munroe’s own words: 

“We see, therefore, that if the material to be treated is sized between the 
limits of 1 mm. and 30 mm., it will be possible to separate the quartz from the 
galena. All the spheres of galena will have a greater falling velocity than the 
1-mm. grain; all the quartz will rise more readily and fall more slowly than 
the 30-mm. grain.” 

§ 472. Suction, General Principles. —This term is used to define the 
period when a water current is passing down through the sand resting on the 
sieve of a jig. This down current will carry with it any particle that is small 
enough to pass through the interstices between the larger grains; but the arrange¬ 
ment which these grains have derived from the previous pulsion (see §470), 
exercise's a controlling effect upon the work that suction is to do. 

It has been shown already that the higher its specific gravity, the smaller 
will be the diameter of a grain of mineral which, under hindered settling con¬ 
ditions during pulsion, is adjacent to and in equilibrium with any given grain 
of quartz (compare galena with blende in Fig. 358), and therefore the easier 
will the former pass down through the interstices between its associated quartz 
grains, when the suction of a downward current begins to act upon it. 

Carrying (his line of argument still further, one sees that if it can be proved 
■that the size of the inlerstic'cs between the quartz grains bears a certain definite 
ratio to the diameter of the quartz, in fact that there is a definite interstitial ratio, 
then as a consequenee, the heavy minerals can at once be divided into two groups, 
according to their behavior under suction: (3) Those higher gravity minerals, 
the diameter of which under hindered settling conditioiisr is smaller than the 
interstices between the adjacent quartz grains. (2) ■ Those lower gravity min¬ 
erals, the diameter of which under hindered settling conditions is larger than 
the interstices between the adjacent quartz grains; or, in other words, those 
minerals the hiudered settling ratios of which is (1) grrtitcr than, amf (2) less 
than +he interstitial ratio of quartz. The minerals of the first group will be 
easily sucked down by the descending cur¬ 
rent and pass through the jig sieve into 
the hutch liolow. 'I’lic minerals of the sec¬ 
ond group will he more difficultly drSwn 
down. 

§473. The Author’s Tests on Suc¬ 
tion. —In order to throw light upon the 
relation of the hindercnl settling ratio to 
the interstitial ratio, and to bring out any 
other facts which might come to light, a 
little, movable sieve jig shown in Fig. 3fiG, 
was designed. It con.sists of a ghnss tube, 
a,a,a,a, 127 mm. long, .32 mm. in boro, 
which is cut at t,t, into two parts, 

102 mm. and 25.4 mm. long respectively 
—the 102 mm. being above the sieve; a 
disc of sieve-cloth, t.t, is inserted between 
them; the parts are held together by the 
Wooden bars h.h, and the bolts, e,e, with 
nuts, d,d. Power is transmitted through 
thp rod, h,u, the beam, j, oscillating upon a pivot, h, a connecting-rod, I, a aman 
pulley, OT, with crank-pin, a belt, n, and a large, pulley, o, driven by a crank, p... 
The cross-bar, f, and the lock-nuts, g,g, are used simply to stiffen the' rod «. The 
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jig is Buspended in a glass jar, s, with, water level at r. By turning the crank, 
p, an oscillating motion up and down is given to I, received by u, and transmitted 
to the jig-sieve, t,t. The amount of oscillation may be controlled by connecting 
u with j, by means of any of the holes, i. The smallest oscillation was 3.2 mm., 
the largest, 15.9 mm. The latter was preferred for the tests. 

By means of this jig and of the pulsion jig (Fig. 360), already described, 
the effects of pulsion and suction were studied in three different combinations, 
namely, pulsion with much, with little, and with no suction. 

1. Pulsion with Much Suction. —When the jig (Fig. 366), is run with -the 
glass tube elevated 38.1 mm. above the surface of the water at the lowest point 
of its stroke, the jig operates during the lirst few pulsions as a lift-pump, 
elevating the surface of the water within its tube until the inside water-level 
is, perhaps, 25.4 mm. above the outside level, the sand-particles acting like so 
many little valves. Thus it reaches equilibrium, and, from this time on, the 
suction due to the downward rush of water must be e(]ual to the pulsion due to 
the upward rush of water. The whole bed of the jig so run is tight and only 
slightly mobile. The strong suction compacts it more or less. Mobility may 
be partially restored by using a long stroke. 

2. Pulsion with Little Suction. —When the jig (Fig. 366), is run with the 
glass tube inundated to a depth of 22.2 ram. below the surface of the water at 
the lowest point in its stroke, then, during the downward movement of the 
sieve, a full pulsion movement is given to the water as it passes up through the 
sieve, and the sand settles through it. But, on the upward movement of the 
sieve, the sand settles in the sieve, and comparatively little suction results from 
the inertia of the water. The reason is, that there is a free discharge of the 
water at the top of'the glass tube. Here wc have pulsion with little suction. 
The whole bod of the jig run in this way is loose and very mobile. There is 
not enough suction to compact it. A shorter stroke suffices for mobility than 
in the c^se of much suction. 

3. Puisiori with no Suction. —When the pulsion jig (Fig. 360), is used upon 
mixed sands, it matters not whether we revolve the cock rapidly, giving rapid, 
small pulsions with short intervals of repo.so, or, more slowly, giving fewer and 
stronger pulsations with longer periods of repose—the result is the same. The 
sands are treated by pulsion without suction. The whole bed of this jig is 
extremely loose and mobile, there being iio suction to compact it. 


TABLE 310.—JIOGINO qUAEl'Z AND SUHALERITE (BI.ENDE). 




i.m i 

l.Tii.') 

1.785 i 

1.785 


i.rar» 

Diametar of blend© in mm. 


1.785 1 

1.090 

0.6<55 i 

0.495 

0 241 

0.107 



Series 1, 

with much Suction. 




Pulsions needed for separation. 

1 2.129 

1,678 i 

1,769 

1 297 1 

1 208 

288 

Percent of blonde brought down. 

1 96 

95 ' 

95 

1 

1 99 

99 

Series 2, with little Suction. ' 

Pulsions x>eeded for separation.| 

806 

m 

848 

1,382 

1,T29 

Infinity 

Percent of blende brouRht down.^ 

99 

99 

100 

98 

97 j 

0 

Serie.H 8, with no Suction. 

Pulsions needed for separation.! 

147 

2(U 

490 

Infinity (6) 

Infinity (b) 

Infinity {61 

Percent of blende brought down.| 

98 

95 

(c)K) 

0 

0 

0 


(a) Tlw ^)balCTlte all UvAted up. (b) Nuilrled; the sphalerite would undoubtedly have nearly it' not tjufte 
nil floated up. more would come down. 


In-all the tests-uy>on jigging now to be described, unless otherwise stated, the 
stroke of the jig was 15.9 mm.< the layer of quartz was 51 mm, 

the add^ mineral to be separated frian the quartz, was 4.76 mja. fteefty 
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and placed on top of the quartz. A 16-inesh eieve was used in the jig through¬ 
out the tests. The rate of the pulsations varied soiuewlmt, as will be seen by 
reference to the original paper/” but the mean was a little over 300 per minute. 
In each test, the number of pulsations necessary to settle the heavy mineral was 
counted, and the percentage of the latter settled was estimated by the eye. 
These last tw'o values served for comparing the tests. A high number of pul¬ 
sions indicates difficult separation; a low number indicates easy separation. 

A series of tests was made with quartz and blende, to note the behavior of six 
different sizes of blende, paired one at a time with a standard size of quartz, 
under conditions of much suction, of little suction and of no suction. The 
results are given in Table 310. 

§ 474. On examination of these results, one sees first, that much suction gives 
very difficult separation on the three coarser sizes of blende, and very easy on 
the three finer sizes. There i.s, in fact, an e.vtraordinary break between the 
two diameters of blende, 0.005 mm. and 0.405 nun. To what does this point? 
Clearly the O.dOh-niiu. grain i.s fine enough to be rapidly drawn down through 
the interstices, while O.OiiS mm. is not. 'The. author considers that this meas¬ 
ures approximately the size of the intersliocs in quartz of 1.735-min. diameter 
to be 0.405 mm., showing the quartz grains to be im]j!=:3.50 times ns large as 
the interstices between them. That is, the interstitial ratio of the quartz is 3.50. 

The reader may well say heri' that there is nothing to indicate tliat grains of 
, blende between 0.405 nun. and O.OOO mm. will not hi readily sucked down between 
grains of quartz 1.735 mm. diannder and eonse(|uently Unit the figure 3.50 may 
hi too large. Time was not availalile to answer this question, and rather than 
to make any. assumption, the a\itlior prefers to considc'r 3.50 as the interstitial 
factor. An indication that it may he loo large is found in S*130, where the study 
of actual mill factors shows an average of tl.O. 

Secondly, with no suction, the first two sizes of blende show easy jigging, 
while the last four make little or no separation. ^ . 

Tliirdly, little suciion is much like no suction, differing from it only in the 
fact that on tlio coarse grains, jigging is not quite so easy, and on the fine grains, 
jigging is not quite so dillie.nlt. 

A similar series of tests was made upon quartz and galena, to note the be¬ 
havior of six different sizes of galena paired, one at a time, with a standard size 
of quartz. The results are given in Table 311. 


TABI.E 311.— JIOaiNG QUARTZ AND GALENA. 


I)Iaujeter of quartz in inni. 

Diameter of galena in mm.] 

1 

\ i.73r> 

1.7:15 

l.(XK) 

i i.iJi-n 
n.(5(5.5 ! 

1 1 r:« 1 

1 0.40.') 1 

1 7Hrt 
0.241 

1.785 

0.107 


SoriftK 1, 

with much Suction. 




Pulsions needed for seiiaration ....... 

I as? 

8(« 

r4K i 

1 XVi 

190 

1 S6 

Percent of galena brought down. 

100 

100 

OH 

\ 

100 

100 


Roriofi 2, 

with little Su<;ti<m. 




Pulsions needed for separation. 

0.S 

8H4 1 

ir^3 

210 

1 1.5.3 

854 

Percent of gal)‘ua brought <Iowu . j 

i 100 

m 1 

9H 

m 

1 100 

(a) 


Series 8, with no Suction. 




Pulsions needed for separation . | 

, IH 

50 

6H 1 

1 m 

1 m \ 

Inflitity. 

P^BTCent of galena brought down . | 

I 100 

100 

98 1 

1 96 

1 (a) 60 ! 

1 (6) 


' (a) The more cubical grains apiiarently went down and the flatt/*" grains floated up. (ft) Not tried as the 
galena would uudoubU'dly have all floated up. • 


On examination of the.se results, one seeJ5 that galena is of such high specific 
avity and the separation takes place so easily that the rules laid down above 
► not apply with the same force as with the blende set, but yet they sufiiciently 
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corroborate those rules to let them stand for heavy as well as for light minerala. 
We notice little suction is everywhere superior to much suction, except on the 
very finest size, where much suction is more rapid and more effective. No 
suction is extraordinarily rapid on the three coarse sizes, but falls away on the 
fourth, and breaks down entirely on the two finest sizes. 

The author also found that by jigging with much suction, small grains of 
quartz (0.495 mm. and less), can be drawn down through the interstices between 

large grains (1.735 mm.), of the same 
miiKwal while jigging with no suction 
forces them up to tlie top of the bed. 

Tlie author, in (considering the inter¬ 
stitial ratio, sought some geometrical 
representation to picture the small grain 
of concentrates ])assing through intcr- 
stie(!s between the large grains of quartz. 
In Fig. 3(i7 the diameters of the spheres 
of quartz a a a, will he (1.50 times that of 
the ore, h, when the ore can slip betw('en the (juartz, wldle the diameters oi' tlie 
quartz spheres, cone, will he only 2.44 times lhat of the or(‘, d. The interstitial 
ratio obtained for quartz, 3.50, makes the space smaller than il, hut larger than h. 

§475. Hoewi’s Tissts on >Su(jtion.— IIoppc’’*" proved the eiTect of suction by 
experimenting upon a full sized jig at an earlier date, though the fact was un¬ 
known to the author when making his cxperimc'nts, as follows: 

His jig had 92 throws per minute of GO mm. each and a 3-rnin. screen; on 
this screen he placed a hod of ealeite, 35 mm. thick, composed of grains that 
had passed through »n 18-mm. hole and rested on a 13-inm. hole and on the top 
of this another layer of 3-mm. cnleitc 35 mm. thick. On starting the jig, the 
whole of the 3-mm. calcitc vanished at the first stroke and after a sliort time it 
had mostly passed through the sieve into the liuteh. A second experiment was 
made, u^ng 5-iiim. calcste instead of 3-mni. for a top layer. This heeame mixed 
only gradually with the coarse bottom layer, so that at the end of the jigging 
the two layers were pretty uniformly mi.xed, with the 5-imn. particles perhaps 
slightly in excess near the fop. Next, using a throw of 38 mm. and a 2-mm. 
screen, he put on a lower layer 50 mm. thick, consisting of a mi.vture of 13- to 
18-mm. cajeite, of 5-mra. ealeite and of* 3-nim. calcitc. Upon this he placed 
some more of this mixture of calcitc to which had been added a mixture of 
similar sizes of galena. Afler 100 strokes or about a minute, the minerals were 
perfectly separated into two layers, and each layer had perhaps more coarser 
grains below and finer grains above. 

His final experiment was similar to the last, except that a mixture of all the 
unfinished products of the mill from 18 nun. downward; wa.s added to the top 
layer. After 100 strokes, he found the galena completely below; the blende and 
other middle products between, and the ealeite above. He concludes that this 
would seem to call for a roughing jig without preliminary sizing or classification. 

Hoppe’s work .shows that 3-mm. calcitc can be sucked down freely through 
13- to iS-mm. ealeite, while 5-mm. calcitc cannot. Looking for the cause, we find 
the mean of 13 and 18 mm. is 15.5 mm. and the diameter ratios will be respectively 
for 3- and 5-mm. grains ^^=5.3 and ^=3.1. The 3-mm. particle has, 
therefore, a larger diameter ratio than the author’s interstitial ratio (3.'6), 
while the 5-mm. has a smaller ratio, and therefore, should not be sucked down 


§ 476. Tests on Jioqinq Mixed Sizes. —The author tried 

misted sizes through 10 mesh, of e‘ach of the twelve minerals of Table 267, pa 
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■vrith quartz. The tailings were in every case separated from the heads, and 
sized on the nest of sieves (Table 368), and the per cent, of the heavy mineral 
estimated by the eye in every one of the sizes. Tables of the results^® from much 
suction, little suetion and no suction, gave an idea of whether the mineral Jigged 
easily or not from this point of view. 

The results of much suction, arranged in tabular form, showed that the tail¬ 
ings from jigging minerals heavier than arsenopyrite were decidedly better than 
the tailings from jigging that mineral, while the tailings from jigging lighter 
minerals were very little worse. The author is inclined, therefore, to draw the 
line between easy and diflicult jigging at arsenopyrite. The hindered settling 
ratio of this mineral, with respect to quartz, is 3.7, and this would make the 
interstitial ratio of the quartz equal that amount,' which is a little above 3.50, 
the interstitial ratio previously deduced in §47-1. This interstitial ratio will 
vary somewhat with the fracture of the quartz and also of the heavy mineral, 
since it is measun-d practically by the case with which the small particles of the 
latter pass through the interstices of the quartz. 

It is clear that suction ratios (similar to hindered settling ratios, or inter¬ 
stitial ratios) which shall repre.sent the ratio of the diameters of particles of 
two different minerals which are in equilibrium under the effect of suction, can¬ 
not be made, owing to the fact that the ratio is a variable under varying condi¬ 
tions. The only thing that can be said is that suction ratios will be much 
larger than hindered settling ratios. 

§ 477. FiN.'in Cojyci.i;s]<).NS. —To sum up all of the preceding tests on hindered 
settling and suction, they clearly point to the following rules of jigging: 

(1) , For jigging closely sized products, to get the highest speed of separation, 
use as little suction as the water supply will ])ermit. • 

(2) For jigging clas.oifled ])rodui'ts when' the hindered settling ratio is equal 
to or larger than (he inter.‘<filial ratio, or in other words, where the concentrates are 
smaller than the interstices between the grains of the ganguc, use suction. 

(3) For jigging 'lassified products where the hindered settling ratTo is less 
than the interstitial ratio, or in other words, where the concentrates are larger 
than the intercstices between the grains of gangue, use suction. 

(4) For jigging mixcd_ sizes and gravities, natural products, or products not 
closely sized, suction is suitable, as no suction fails to save the finer sizes. 

The anumnt of suetion required in eifth ease must be studied out upon the spot. 
In general. No. 3 will probably require a little loss suction than No. 4, and No. 
4 .a little less than No. 3. In this connection see § 455 in regard to the effect of 
suetion in hardening the whole bed. 

The degree of sizing needed as preparation for jigging, if we are looking for 
the most perfect work, depends solely upon thic hindered settling ratio of the 
minerals to be separated. If the ratio is above 3.5 (assuming this value to be 
sufficiently proved!, then sizing is simply a matter of convenience. The fine 
slimes, should, of course, be removed; and, if it is more convenient to send egg- 
size, nut-size, pea-sizo and sand-size, each to its own jig, the suitable screms 
should be provided for this purpose, and a hydraulic separator for grading the 
finer sizes. But if, on the other hand, the ratio is below 3.6, then the jigging 
of mixed sizes cannot give perfectly clean work, and the separation will be 
proximate only. To effect the most perfect separation, close sizing must be 
adopted, and the closer the sizes are to each other, the more rapid and perfect 
♦ill the jigging be. There may be conditions where the jigging of mixed sizes' 
of this class will be considered sufficiently satisfactory, as an expedient, imder 
the, circumstances. ‘ 

In the light of the foregoing work, it is not possible, owing to the variable. 
,^ect of suction, to calculate, theoretically, sieve scales which depend upon the* 
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difference in specific gravity of minerals to be separated, that is, it is not possi- 
i)lc to give an cNacl range of sizc.-i within whicli separation 
is ea.sy and beyond which scjiuration is dillieuli. 

^478. i'n.sioN AMI Snri'ioN 1 n vns'i’KiA'i'nii in tiih 
lit ILLS.— 'J'o investigate still rurther the laws of pulsion 
and suction ii[iuii jigs in action, a jig indicator was de¬ 
signed and tesls of jigs made in a niiiiiher of nulls. 'I'lie 
indicator (see f'ig. 3118), consists of a cylinder, a, of bras.s 
3(1.') mm. long, l.’i'i iiiiii. diameter, willi its a\is vertical, 
suspended from and contiiiiious wilh.ii bicyide hall bear¬ 
ing, h, to cliniinale friction. 'I'he evlinder is rotated by 
clock-work, c. with a wind-w Ik'cI escapement, d. and can be 
made to reiolve from to 'Ih limes per minute, according to 
till' size of the wind-wheel. l'|)on the surface of the cylin¬ 
der is wrappeil a incce of paper, 3(1:! mni. w ide and .'lO.'' mill, 
long, upon winch the cur\es are drawn. 'I’wo vertical 
recording rods, CpC,, riiniiiiig in anti —friclion roller-guides, 

////'. with pencils, (j < 1 . allachcil, and iirovided with de¬ 
vices for throwiiig (liciii inio gear and out of gear, serve 
to record vertical motion iijion the |iaper. 'I’he abscissa 
of tlie curse r(‘presciils (imi'. the ordinato rcpre.sents inos’enient up and down. 
'I'ho curse of the jiliinger is obtained by a sertical rod, li. held dosvn on file, 
to)) of the jiliingi'r and traiiMiiilting the oscillations of the liitler by it hori¬ 
zontal beam, •/, oscillaliiig upon its center jioiiit, j, us a pisot to one of llio 
lecordiiig rods, c,. When the plunger moves down, ils iieiieil records -1111 up¬ 
ward iiiolioii. and vice rcr.fii. 'I’o get tlie curve of the surf,in' of the water, 
a slab of cork. I. 2.M mm. sipiare and 2.'i mm. tbiek, is flnated u])on it ami 
.'iliaelieil to the ntlier recording rod, a,, direet. ilen' the nioiion of the jiencil is 
till' same ns that of the vsaler. 'J'lui curve of the to]) layer of i|uartz sand is 
obtained by ]ila( ing nfi the sand a jiieee of sieve-cloth a little finer in ii'csli than 
the grains of (piarlz. 'I'his pulsates up and dosvn with tlii' sand, and wlien con¬ 
nected to one of the rceording rods, r,, gives the curse of tlu' (|uartz. Tlie curve 
of the ore lii'd svhieli underlies thi' quiirtz may he olitiiiiied liy sinking flic )iiecc 
of sieve-clotli to the desired depth and iiiliiehiiig it to Ihi' reeordiiig-anu. a,. 

Four eiH'S'es are thus oiitaiiied : that ofklie plunger, marked /' on the diagrams: 
that of (lie ss'iiler, marked 11'; that of the ijiiiirtz or rock, niarki'd 11; and that 
of the ore lied, iiiarki'd O. 'I’lie diagrams are shown in Fig.i. 3(19 to 380 inclu¬ 
sive, all of whieb are drawn to scale. 

In the actual jierformanee of the te.sts two curves only ai'c taken at a time 
namely: those of the plunger and the waiter; those of the plunger and the quarts 
or rock; and, [iiially, those of the plunger and the ore bed. 'i'he diagrunis have 
been constriicled hv eonihining tlie.se curves. ]n this operation it was necessar) 
to have some standard liy wdiich, for evamjile, tlie rock curve and tile ore curve 
could he .siip( rpo«ed upon Ihe svater curve. Sucli a standard was found in the 
iiarallel ])lurigcr curves that sseiil with eaeii. Again, the .sujierposed eurvef 
vs'ould often'e.niiie longer or shorter than the svalei curve. In that ease a new 
curve was sketchi d, iriukiiig the deviation on the abscissa proportional to the dis¬ 
tance from the starting point. 

The curves here recorded were taken upon two elas.=es of jigs only, namely, 
those ■w;ilh .leecie’-aied pulsion and retarded suction, and those "wdlh equal pulsion 
and suetio'). 

Observatniiis ■wer.- made upon fnrty-nne jig.s, of which curves from t'welve are 
here given in Figs. 3(i!) to 380.* In studying the curves one st'os at once the 
difference Ixtween the water curv 'S of the plain eccentric jigs (Fig?. 369 to 373), 
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and of the accelerated jigs (Figs. 374 to 380). The former give a nearly sym¬ 
metrical curve, wliile the latter give a mucli steeper slope on the pulsion side 
than on the .suction .side. One sees also that ihe plunger, P, moves more than the 
water, IV', and IF more than the ganguo, Jl, and tinally, that the heavy con¬ 
centrates, 0, move the least of all, and since molioms are less, the veloeities are 



Fia. 369. —Mii.r, 39, .im no. 1. size of r,R.\TNS. .54 to 38 mm.; thhow of 
rLUNOKH, 4'1 iNcnK.s; Tiinow.s run minute, 140; aiie.v of plunger, 34X48 
incues; area of sieve, 24X48 inches; .sieve, 9.,') mm. round hole. 


loss. The objection which has been advanced again.st the Harz jig, that it has 
an acccderateil velocity np to mid-stroke, and then a retarded velocity to the end, 
is shown to be of slight account. The curve.s tiLso show how much of the motion 
of the plunger is imparted to the water, the remainder being lost, owing to the 
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PIG. 370. —MILL .38, JIG NO. 2. SIZE OF OEAINS. 22.2 TO 9.5 MM.; THROW OP 
PLUNGER, 1.77 inches; throws PER MINUTE, 171 ; AREA OF PI,UNGER, 24X36 
inches; area of sieve, 24X36 inches; sieve, 7.91 mm. square hole. 



no. 371. —MILL 30, JIG NO. 4. SIZE OF grains, 7 TO 5 MM.; THROW OF PLDNGEB, 
1.2,5 inches; throws per minute, 150; area of plunger, 17X32 inches; 
AREA OF SIEVE, 16X30 INCHES; SIEVE, 0.89 MM. SQUARE HOLE. 



pig. 372. — MaL 89, JIG NO. 7. SIZE OP GRAINS (3d SPIGOT OF OLABBIFIBB) ,'4| 
J|M. Td 0. THROW OF PLUNGER, 0.47 INCH ;THEOWB PEE MINCTO, 2^ } 
OF PLUNGER, 1.5X31 INCHES; AREA OF SIEVE, 15X31 INCHES•, gIfVa% 
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riQ. 373.— MILL 39, JIG NO. 8. size of grains (4xh spigot of classifier), 4^ 

MM. TO 0; THROW OP PLUNGER, 0.38 INCH; THROWS PER MINUTE, 210; AREA 
OF PLUNGER, 15X31 inches; AREA OF SIEVE, 10X31 INCHES; SIEVE, 1.04 MM. 
SQUA1U5 HOLE. 



no. 374. —MILT, 28, .110 NO. 3. crank-arm accelerated’.tig ; size of grains, 
If) TO 13 MM. ; THROW OP PLUNOFR, 1.43 INCHES; THROWS PER MINUTE, 131 ; 
AREA OF PLUNGER, 18X3.5 INCHES; AREA OF SIEVE, 18X29 INCHES; SIEVE, 
4 75 MM. SQUARE HOLE. , * 



FIG. 375. —MILL 38, JIG NO. 6 . crank-arm ACCELERATED JIG; SIZE OF GRAINS, 
5 TO 3J MM.; THROW OF PLUNGER, 1.07 INCHES; THROWS PER MINUTfi, 138; 
AREA OF PLUNGER, 18X25 INCHES; AREA OF SIEVE, 18X39 INCHES; SIEVE, 1.04 
MM. SQUARE HOLE. 


clearance of the plunger, and the frictional resistance of the screen,.the bed, 
and the water passages. 

Features of strong resemblance run through all tlie figures. If, for example, 
we refer to Figs. 369 and 374, we see that the cycle naturally divides itself into 
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■lu, — aull 28, Jio no. !). ukank-aum ACOEi.nuA'ruD J1<}; .sizu of ouains 

(1st Sl’KlOT OF CLASSLFJKll), 2 AIM. TO Oj TJIUOW OF I’l.UNGlSli, 0.51 INOIIJ 
TilltOWS I’EK AIINUTH, lii5; AliEA OF PI,lIN(iEll, 18X2!I INCHES J AREA OF 
SIEVE, 18X25 inches; sieve, 8.18 square hole. 



HG. 877.— MILL 28. .no W). 12. CHANK-AI!M ACCULEli \THI) .110 : SIZE OF ORATNS 
(4th SPIGOT OF CI.ASSIFIEH), 2 MM. TO 0; TllliOVV OK Pl.llNOIili, 0.27 inch; 
throws pur Ml.N'UTK, 180 ; AREA OF PLUN'GUR, 18X20 l.NCHES; AREA OF SIEVE, 
18X25 inches; sieve, 1.04 aim. square hole. 



FTO. 378.— MII.L 27, JIG NO. 5. CRANK-ARM ACCKLERATEO JTO ; SIZE OF aRAINS, 
10.3 TO 8.8 MM.; throw OF FLHNOER. 1.88 INCHES; THROWS^ FF.U MINUTE, 
130; AREA OF FLFNGER, 175X34^ INCHES; AREA OF SIEVE, 1CX23 INCHES; 
SIEVE, 1.57 MAT. SQUARE HOLE. 

four periods; the first, a. is pnlsinu; the socniid, h, is the roturn of the heavy 
ooDcentrates to the sieve; the third, c, is the period of suetion; and the fourth, 
i, is the period of idleness. 

In rcffaid to thfi prriod, a, tho divorpnpr of tlic ImoR snows that the 
rising nwre slowly than the water, and the enneentrates more slowly than the 
gatigue. The Mlect is the same as if the mineral partir-les are settling in water 
in a mass. It is clestr therefore tjiat the partielos arc being treated thromrSiSiiit- 
tMs B^riod "according' to the law of hindered settling. 
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FIG. 379.- MIL), U, .(Hi NO. 2. COl.T.OM AOCEI.KTfATF.D HAMMER-pntVF.N SPIIING- 

KETHltN .(Hi; .SIZE OF (IHAINS (IST BPHiOT OF CLASSIFIF.U, SECOND SIEVE OF 
.no) 4.7() AIM. TO 0; TilKOW OF 1'l.riNGElt, 0..51 inch; Tliuowa PER MINUTE, 
134; AREA OF pi.uNouii, 22X17 inches; area of sieve, 22X32 inches; 
SIEVE, 1.73 MM. SQUARE HOLE. 



FIG. 380.—Mir,|. 43. .(I(J NO. 3. COi.I.OM ACCHI.ERATED IIAAIAIER-DRIVEN SPRINQ- 
.RKTUIIN .no; SAND ( 1 ST Sl’HiO'l' OF OLASSl FI EH), HAS DUEN TIIHOUGII A 
SCREEN WPI'II 1.7()X9.3.'') MM. SI.OTS; THROW OF Pl.U.IOKR, 1 INCH; THROWS 
PUR MINUTE, 130; AREA OF PI.UNOER, 22X17 INCHES; AREA OF SIEVE, 22X34 
INC Hiss; SIEVE, S-MKSH SQUAIUS HOEE. 

I « 

Id Toparcl to tho, perinfl, h, the lines arc nil nearly parallel. In some of the 
fifpires they intlicate that the water at first moves rlnwiiward slightly more 
rapidly than the gangiic and eonecntrates, but that later, the gangue and con¬ 
centrates catch up ami move down a little faster than the water. Rittinger’s 
aeeeleratinn may be taking place, together with suction during the first portion 
of this peiiod while in the secomi portion, hindered settling is again at work. ^ 
The period, c, is thiit in which the, main work of suction takes place. It is 
here that the water pas.ses dowm through tho inhirstices, not only between the 
grains of coarse concentrates, but also between tho grains of gangue. so that any 
small particles of heavy mineral which were left by pulsion in equilibrium and 
adjacent to large particles of gangu((, are sucked down through the interstices 
I toward the hutch, more or less rapidly, according as they arc of smaller or larger 
diameter compared with the gangue particles. 

d, is a period of idleness which occurs on some jigs but not on others. If very 
short, it is due to thi- slowing down of the plunger at the end of the stroke. 
If longer, it is due to the di.sappcarance of the water below the surface of the 
bed. In this case, suction may still he going on at the bottom of the bed. 

In Table 312, the velocity of the water during pulsion and the percentage 
of the whole time of a stroke which is spent in each of the four periods, have 
been computed from the curves. The figures on percentages show more or lees 
irregularity, due partly to irregularities in the nurvee, partly to the varying, 
amounts of hydraulic water used, and partly to difficulties in estimating accu¬ 
rately the length of each period, so that no results are to he obtained from com¬ 
paring individual figures. By taking averages for each of the two classes, how- 
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TABLE 313.— MEASUEEMENTS OF JIQ8 AND OUEVES. 

Abbrerviations.—b.sshutch of; hy. cl.=hydraulic classifier; In.—Inches; No.=Number; Ov.sOTersiU of; 
6ec.=Seoond8; sp.sspigotof; tr.stromuiei. 


. 


Area of 


'Vt 

2$ 

$ S 

w a; 

—r — 

Percentage of Stroke for 

2 

Product Fed. 

Sieve in the 
Clear. 

SieveHoles. 


|„i 

■ji 

a 

fls 

Pul¬ 

sion. 

Re¬ 

turn. 

Suc¬ 

tion. 

Idle¬ 

ness. 


Plain Eccentric Jigs. 


80 

I 

Ov. No. 8tr., 6.4toS.7iDtn.... 

Inches. 

17x30 

Mm. 

6.4 

In. 

0.66 

240 

Sec. 

0.250 

In. 

3.82 

48.07 

20.03 

80.28 

6.or 


4 

8p. No. 1 hy. cL»1.5mm. toO... 

17x80 

1.52 

0.19 

400 

0.1.50 

2.‘^ 

46.7 

25.6 

11.00 

17.2 

27 


iBt sp. No. I hy. cl., 3 mm. to 0. 

16x24 

0.80 

0.26 

108 

0.803 


83.93 

22.13 

30.48 

13.63 

ad 

4 

From No. 2 trommel, 7 to 5 mm 

16x28 

0.89 

1.44 

150 

0.400 

4.88 

44.77 

30.57 

22.43 

2.28 


e 

l8t sp. No. 1 hy. cl., S mm. bo 0. 

18x82 

1.07 

0.06 

162 

0.370 

4.00 

42.37 

44.01 

13.6 

0.0 

8^ 

1 

Ov. No. 2 tr., 881 to 22.2 mm.. 

21 ^x 42 

T.94 

2.G0 

165 

0.SF>4 

11.99 

50.0 

18.6 

31.4 

0.0 


2 

Ov. No. 8 tr., 22.2 to 0.5 mni... 

'Mxm 

7.W 

1.6.5 

174 

0.345 

9.11 

45.8 

24.5 

25.5 

4.4 


4 

Ov. No. 5 tr., 5 to 2.5 mm. 

lR4ix383i 

18.^x3H.>I 

18gx3H% 

2.50 

1.06 

180 

O.SSiS 

0.51 

49.35 

19.B 

28.0 

3.15 


5 

Istsp. No. 1 hy. cl., 2.5 mm. to 0 

2.59 

0.75 

193 

0.311 

1.71 

50.0 

44.5 

5.5 

0.0 




1.47 

0.53 

0.30 

4.25 

103 

140 

0.311 

0.429 

6.79 

13.92 

45.25 

44.9 

16.05 
15 4 

28.6 

33.3 

9.5 

6.4 

80 

1 

From No. Itr., M.0lo3H.l mm. 


2 

From No. 2 tr., 38.1 to 15 mm... 

24x48 

8.0 

4.15 

140 

0.429 

10.55 

48.45 

i7.or> 

33.0 

1.6 


Si 

Ov. No. 3 tr., 15 to 8.5 ram. 

17x30 

S.58 

2.20 

140 

0.429 

9.68 

44.0 

25.0 

25.0 

G.O 


4 

Ov. No. 4 tr.. 8.5 lo 4.5 min. 

Itttsp. No. 1 ny. cl.,4.5inm. to 0 

15x31 

2.67 

2.00 

160 

0.875 

7.92 

41.7 

28.55 

20.25 

9.5 


5 

15x81 

2.67 

1.15 

180 

0.3.311 

4 74 

61.4 

12.15 

a3.75 

2.7 


t 

2d sp. same, 4.5 mm. to 0. 

15x31 

2.13 

1.20 

180 

0.33:1 

3.87 

45.23 

2tl.l^ 

20.8 

8.88 


7 

Ists'p. No.2hy cl,4.5mm. tot 

15x31 

1.52 

0.48 

200 

O.SOf 

2.16 

46.2;i 

10.7 

34.11! 

8.97 


}■ 

2d sp- same, 4.5 mm. to 0. 

ISxSll 

l.(M 

0.30 

210 

0.286 

1.44 

46.5 

18.65 

30. a5 

4.55 

4C 

it 

Uv. No. 3 tr., 7 to 4.6 mm. 

251x35 

6.60 

1.05 

160 

0.375 

6.64 

41.8 

24.2.'! 

25 27 

8.7 


4 

Sp. No. 1 hy. cl,8mm. toO.... 

28x35 

1.30 

0.57 

210 

0.286 

4.81 

42.93 

38.0 

9.53 

9.58 


Orank*arm Accelerated Jigs. 


27 

6 

Ov No. 6tr.,10 3to8.8mra. 

16x24 

1.67 

1.38 

180 

0 462 

8.95 

83.3 

37.83 

22.58 

6.83 

SE 

1 

From No. 1 tr., 40 to 2.5 mm.... 

18x84 

4.75 

2.40 

96 

0.624 

9.66 

25.5 

24 5 

5.8 

44.7 


2 

From No. 1 tr., 25 to 16 mm.... 

16X.S4 

4.75 

2.08 

105 

0.571 

13.25 

211.3 

25 0 

40 0 

2.6 


8 

()T. No. 8 tr., 16t<> 12 mm. 

lSz29 

4.75 

1.52 

121 

0.406 

10.40 

27.0 

81.0 

88.8 

6.2 


4 

Ov, No. 4 tr., 12 to 8 turn. 

18r29 

8.18 

1.38 

123 

0.4K8 

8.78 

28,6 

82.H 

25.8 

12.8 


5 

Ov. No. 5 tr., H to 6 mm.. . 

18x20 

3.16 

l.lfi 

132 

0.455 

11.76 

23.5 

85.8 

25.0 

10 2 


fl 

Ov. No. 6 tr., 6 to 8.5 mm. 

18x29 

1.04 

1.07 

188 

0.435 

10 70 

31.4 

28.0 

30.0 

10.0 


7 

Ov. No. 7 tr. 8 6 to 2 mm. 

18x29 

0.89 

0.80 

183 

0.451 

7..W 

25.7 

48.5 

18.2 

7.6 


H 


18x20 

1.04 

0.70 









9 

Istsp. No, 1 hy. cl, 2 mm, to 0 

18x29 

3.16 

0.50 

185 

0.444 

4.45 

81.8 

48.4 

4.5 

15,2 


ic 

2d spigot of same, 2 mm. to 0 . 

18x29 

8.16 

0.85 

141 

0.42C 

2.77 

34.6 

48 6 

2.8 

13.9 


11 

8d spIgotA>f same, 2 mui to Oa 

16x29 

1.04 

0.82 

163 

n..w 

4.36 

34.5 

50..3 

0.0 

9.1 


!1 

4tb spigot of same, 2 imn. U> 0. 

18x29 

not 

0.28 

180 

0.:^ 

8.38 

24.2 

.50.0 

0.0 

.'5.8 


Collom Accelerated Jigs. 


42 

2 

Ist sp. No. 1 hy. cl, 0.4 mm, to 0 

22x34 

4 mesh. 




3.89 

30.48 

24.0 

42.63 

2.07 


ij 


22x84 





8.95 

81.2 

31.2 

82.4 

5.2 


4 

8d spigot of same, G 4 mm. to 0 

22x34 

10 »ne«h. 




8.03 

28.85 

24.35 

46.8 

0.0 


5 


22x84 





3.36 

27.97 

25,8 

44.8 

1..48 

44 

1 

Battery residue of steam stamp 













78.2 mm. to 0.... 

22x34 

12.7 

0.71 

128 

0.469 

5.67 

34.2 

11.67 

50.0 

4.18 


i 

Istsp. No. Ihy.cl, 4.76 mm. toO 

22X.84 

2.29 

O^BO 

134 

0.44); 

4.80 

30.17 

14.2 

62.0 

8.67 


a 

2d h. No. 2 jig, l.TO mm. to 0... 

22x34 

1.78 

0.86 

184 

0.448 

4.83 

28.67 

5.0 

68.88 

0.0 


(a) This is the velocity during pulsion, expressed in inches per second, 


ever, as shown in Table 313, the following important differences between the 
plain eccentric and the accelerated jig, seem to appear; 


TABLE 313.— AVEUAGE8 FROM TABLE 313. 


Kind of Jig. 

Average Percentage of Stroke for 

Pulslou. 

Return. 

Suction. 

Idleness. 

Plain eccentric. 

45.16 

24 18 

24.61 

6.11 

Crank-arm accelerated. 

28 63 

88.48 

19.30 

18.56 

Coilom accelerated. 

29.08 

19.46 

48.14 

2.49 


» (1) In'the accelerated jig, the sum of the times spent in periods of tetOXll 
and suction, is it to 30% greater than in the plain eccentric jig, and therefiiJoi 
the water is passing down through the sieve at a much more gentle velocity, 
aocelerited ife draws alnihst as much water down as the nlain eecentric liiiri 
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it draws it down at a gentle velocity which has less tendency to “felt” the sand 
together in a hard cake, and has less tendency to blind the sieve. The harsher 
suction of the eccentric jig may of course be softened by the free use of hydraulic 
water where that is abundant. In reality the hydraulic water lessens suction a 
little more in the accelerated jig than in the plain eccentric. 

(2) The time for pulsion in the accelerated jigs is about 15% less, and, con¬ 
sequently, the velocity of pulsion is decidedly higher than in the plain eccentric. 
There is no advantage in this of itself; in fact if extreme speed is given to the 
jig, there is a decided disadvantage, as it both shortens the time of pulsion and 
racks the machinery. 

(3) The time of idleness is about 5% larger in the crank-arm accelerated 
jigs than in the plain eccentric jigs. 

(4) Pulsion is not free settling. The velocities in Table 312 demonstrate the 
fact that the law of free-settling j)articles has no bearing upon jigging, unless 
it may apply in tbc case of a few stray, floating graiins on tin; sui'face of the finest 
jigs; for, on the one hand, the current was in no case strong enough to lift the 
particles according to the free-settling law, and, on the otlier hand, tlie particles 
were not under free-settling conditions, even if the current had been strong 
enough. 
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